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(57) Sang ché d& cap dén vat dung d6i mau theo anh sang bao gdm chét nén, 16p 16t ma
bao gdm hop chit d6i mau theo anh sang thir nhat, va 16p ludng sac d6i mau theo anh sang
1én trén 16p 16t ma bao gdm hop chit ludng sic d6i mau theo anh sang. Mdi hop chat doi
mau theo 4nh sang thir nhat va hop chit ludng sic doi mau theo anh sang duoc chon sao
cho hop chat ludng sdc d6i mau theo anh sang c6 do hr?ip thu nho hon hoac bﬁng 0,1 ¢ budc
song cua do hap thu dinh cta hop chat doi mau theo anh sang thu nhat. Sang ché con dé
cap dén vat dung d6i mau theo anh sang ma bao gom 16p phu trén cung ¢ trén 16p ludng
sic d6i mau theo anh sang. Lop phu trén cung co thé bao gébm hop chat d6i mau theo anh
sang thir hai ma c6 do hap thu nho hon 0,1 & budc soéng cua do hap thy dinh cta hop chat
ludong sic d6i mau theo anh sang. Vat dung ddi mau theo anh sang dugc tao ra, vi dy, su
két hop cta cac dic tinh phan cuc tuyén tinh, va do truyén tinh theo phan trim duoc giam
di khi ¢ trang thai bi t61 mau hodc nhudm mau, nhu khi tiép xuc véi anh sang quang hoa.
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Linh vue ky thuit ciia sing ché

Sang ché d& cap dén cac vat dung dbi mau theo 4nh séng ma bao gdm
chit nén, 16p 16t ma bao gdm hop chit ddi mau theo anh sang thr nhét, va 16p
ludng sic d6i mau theo 4nh sang 1én trén 16p 16t ma bao gdm hop chit ludng sic
d6i mau theo 4nh sang, trong d6 mdi hop chét ddi mau theo 4nh sang thir nhat va
hop chét ludng sic ddi mau theo 4nh sang dwoc chon sao cho hop chét ludng séc
d6i mau theo 4nh sang c6 d6 hip thu nho hon 0,1 & budce song cia do hép thy dinh
clia hop chét d6i mau theo 4nh séng thir nhét.

Tinh trang ky thuit clia sing ché

Thanh phin phan cyc tuyén tinh théng thudng, nhu kinh phan cuc tuyén
tinh dung cho kinh rdm va kinh loc phén cuc tuyén tinh, thuong dugc tao ra tir cac
tAm polyme duogc kéo gidin chira vét liéu ludng séc, nhu thubc nhudm ludng séc. Do
d6, thanh phan phan cyc tuyén tinh théng thudong 13 cac thanh phin tinh c6 trang
théi phan cyc tuyén tinh don. Theo d6, khi thanh phin phén cuc tuyén tinh thong
thudng dugc tiép xtic hodc bue xa phan cuc ngiu nhién hoic birc xa phan xa cia do
dai budc séng thich hop, vai phan trim cta bic xa duoc truyén qua thanh phin s&

dugc phan cuc tuyén tinh.

Ngoai ra, thanh phin phén cyc tuyén tinh théng thuong thudng dugc
nhuém mau. Dién hinh, thanh phin phan cuc tuyén tinh théng thuong chira chit tao
mau (vi dy, vat liéu ludng séc) va c6 quang phd hip thu ma khong thay dbi dé dap
g t6i blic xa quang héa. Mau ciia thanh phan phan cuc tuyén tinh théng thuong
s€ phu thudc vao chét tao mau duge st dung dé tao ra thanh phﬁn, va thong thuong
nhét, 14 mau trung tinh (vi du, nau hodc xam). Do d6, trong khi thanh phin phan
cuc tuyén tinh thong thuong 14 hiru dung trong viéc 1am giam d6 chéi cia 4nh sang
phan xa, b&i vi mau nhudm ctia ching, ching thudng khong thich hop @& dung

dudi cac diéu kién anh sang thip. Ngoai ra, bai vi thanh phin phén cuc tuyén tinh
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thong thudng chi cé trang thai phan cuc tuyén tinh dugc nhudm mau don, chiing bi

gi6i han trong kha ning luu trit hogic hién thi thong tin.

Thanh phén phan cuc tuyén tinh thong thuong dugc tao ra béng cach st
dung céc tAm c6 cac mang polyme duoc kéo gidn chira vat liéu ludng séc. Do do,
trong khi céc vat li¢u ludng sic c6 kha ning hép thu uvu tién mot trong hai thanh
phén phéan cuc phéng truc giao ctia birc xa duogc truyén, néu cac phén ti cta vat liéu
ludng sic khong dugc bé tri hoic sip xép thich hop, s& khong thu duge su phéan
cuc tuyén tinh cta birc xa duoc truyén. Khong ¢6 du dinh bi rang budc boi ly
~ thuyét bat ky dwoc tin ring do sy bd tri nglu nhién ciia céc phéan tir cia vat liéu
ludng sic, su hép thu chon loc béng cac phan tir riéng 1€ s& triét tiéu 1An nhau sao
cho khong thu dugc hi€u qua phéan cuc tuyén tinh toan dién. Nhu vay, can thiét dé
b6 tri hodc sép xép cac phén tir ciia vat lidu ludng séc bang cach sép x&p thing hang

voi vat liéu khac dé thu duge su phén cuc tuyén tinh mang ludi.

Phuong phap thong thudng dé sip xép thing hang céc phén tir cta thude
nhudm ludng sic bao gdm viéc 1am néng tAm hoic 16p ruou polyvinyl (“polyvinyl
alcohol - PVA”) @ 1am mém PVA va sau d6 kéo gian tim dé dinh huéng cac chudi
polyme PVA. Tiép theo, thuéc nhuém ludng séc duoc thim vao tAm duoc kéo gidn,
va cc phan tir nhuém mau dugc thAm thong qua su dinh huéng ciia cac chudi
polyme. Két qua 13, it nhit mot vai phan tir thubc nhudm trd nén sip xép thing
hang, sao cho truc dai ctia m&i phan tir thudc nhuém dugc sip xép thing hang
thuong 13 song song v6i cac chudi polyme duge dinh huéng. Theo cach khéac, dau
tién thuc nhudém ludng séic c6 thé duoc thdm vao tAim PVA, va tiép theo tm c6 thé
dugc 1am néng va kéo gifin nhu dugc md ta néu trén dé dinh hudng cac chudi
polyme PVA va lién két thuc nhuém. Theo cich ndy, cac phan tir cta thudc
nhuém ludng sic c6 thé duoc bé tri hodc sip xép thich hop gitra cac chudi polyme
dugc dinh hudng cta tAm PVA, va do d6 su phén cuc tuyén tinh mang luéi c6 thé
dat dugc. Két qua 1a, tim PVA c¢6 thé duoc thyuc hién @ buc xa duoc truyén phéan

cuc tuyén tinh, va do d6 kinh loc phan cuc tuyén tinh c6 thé duoc tao ra.

Nguoc lai véi cac thanh phﬁn ludng sic dugc thao ludn & trén, cac thanh

phin d8i mau theo anh sang thong thudong, nhu kinh dbi mau theo anh sdng ma
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duoc tao ra béng cach st dung cac vat liéu dbi mau theo 4nh sang nghich dao vé
nhiét thong thudng thudng cé kha ning chuyén héa tir trang thai thir nhit, vi du
“trang thai trong subt” sang trang thai thir hai, vi dy “trang thai dugc nhudém mau”
dé dap tmg v6i birc xa quang hoa, va quay trd lai trang thai thir nhat dé dap ung t6i
ning lugng nhiét. Do d6, céc thanh phin ddi mau theo 4nh sing thong thudng
thudng cé rat thich hop dé ding trong c4 hai diéu kién 4nh séng kém va dam bao d6
sang. Céc thanh phin d8i mau theo 4nh sang thong thudng, tuy nhi€n, ma khong
bao gdm kinh loc phan cuc tuyén tinh thong thudong khong c6 kha ning bic xa
phan cyc tuyén tinh. Téc d6 hdp thu cta cac thanh phin dbi mau theo 4nh séng
thong thudng, trong c hai trang thai, thuong 13 nho hon hai. Do d6, cac thanh phin
d6i mau theo 4nh sang thong thudng khong c6 kha ning 1am giam do chéi cua anh
sang phan xa t6i cling mic d6 nhu thanh phin phén cuc tuyén tinh thong thudng.
Ngoai ra, cac thanh phan d6i mau theo anh séng théng thudng ¢ kha ning bj gidi

han dé luu trit va thé hién théng tin.

Céc hop chét va cac vat lidu ludng sic d6i mau theo 4nh sang dugc phat
trién ma cho ca hai tinh chit d6i mau theo 4nh séng va tinh chét ludng sic, néu
dang va it nhit sip xép thing hang mot cach ddy du. Khi & trang thai duogc nhqu
mau hodc 1am t6i mau, nhu khi dugc chidu 1én 4nh sang quang héa, cic hop chét
ludng sic d6i mau theo 4nh sang, tuy nhién, thuong c6 d6 truyén tinh theo phin
tram 16n hon so véi cac hop chit d6i mau theo 4nh sang théng thudong hoic khong
phan cyc & d6 day va ndng d6 miu twong dwong. Trong khi khong c¢6 y dinh bj
rang budc boi bt ky 1y thuyét ndo, va dua trén céc bing ching rd rang, tin ring d6
truyén tinh theo phén trim duoc gia ting clia cac vét liéu ludng sic ddi mau theo
anh séng & trang thai nhudém mau hozc 1am t6i mau 14 do d6 truyén tinh theo phin
trdm 13 trung binh ciia hai thanh phan phén cuc phing truc giao clia birc xa bi phan
cuc. Vit liéu [udng séc d6i mau theo anh sang s& ha‘ip thu manh hon mgt trong hai
thanh phin phan cuc phéng truc giao clia birc xa ngiu nhién t6i, din dén mot trong
cac mit phing cla 4nh sang phén cuc dugc truyén (truyén di qua va ra ngoai mau)
¢ d6 truyén tinh theo phén trdm Ién hon so v6i thanh phin phan cuc phing truc
giao khac. Trung binh cta hai thanh phin phan cuc phéng truc giao thudng tao ra

d6 truyén tinh theo phin trim trung binh vé6i cwong d6 16n hon. Théng thuong, dbi
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véi hiéu qua phéan cuc tuyén tinh, ma c6 thé dugc dinh luong dua trén tdc do hép
thy, ctia cac hop chét ludng sic ddi mau theo anh sang duogc gia ting, do truyén

tinh theo phén trim lién két véi né ciing dwoc gia ting.

Mong mudn ring c6 thé phat trién vat dung dbi mau theo 4nh sang phan
cuc méi ma bao gdm céc hop chit ludng sic déi mau theo anh sang, va c6 su két
hop céc tinh chat phan cuc tuyén tinh, va 1am giam d6 truyén tinh theo phin trim
khi & trang thadi nhuém mau hoic lam t6i mau, nhu khi dugc chiéu 1én anh sang

quang hda.

Ban chit ky thuét ciia sing ché

Séng ché dé xuét vat dung ddi mau theo 4nh sang bao gdm chit nén va it
nhét hai 16p ctia chiing bao gbm, 16p 16t dwgc bd tri & trén chét nén, va 16p ludng

sac doi mau theo anh sang dugc bo tri & trén 16p 16t.

Lép 16t bao gébm hop chit d6i mau theo 4nh sang thir nhit c6 budc séng
hép thu dinh thir nhét va budc séng hip thu nho nhét cudi thir nhit. Budc séng hép
thu nho nhét cudi thir nhit ctia hop chit d8i mau theo 4nh sang thir nhit 1 budc

séng cao hon budc séng hip thu dinh thi nhét cta chung.

Lép ludng sic d6i mau theo dnh séng bao gébm hop chit ludng sic dbi
mau theo 4nh sang c¢6 budc séng hip thu dinh thir hai va budc séng hp thy nhod
nhét cudi thir hai. Budc séng hip thu nho nhét cudi thir hai ctia hop chat ludng séc
d6i mau theo 4nh sang 1 budc séng cao hon bude séng hip thu dinh thi hai cia

ching.

Budc séng hip thu dinh thir hai ctia hop chét ludng sic d6i mau theo anh
séng 12 nhé hon so v&i budce séng hip thu dinh thir nhét clia hop chit d6i mau theo
anh sang thtr nhit. Budc séng hip thu nho nhét cudi thi hai ciia hop chat ludng sic
d6i mau theo 4nh séng 12 nhd hon so v&i budce séng hip thu nhé nhit cudi thir nhét

ctia hop chét d6i mau theo 4nh séng thi nhét.

Ngoai ra, hop chét ludng sic d6i mau theo anh séng c6 d6 hip thu nho
hon hoic bing 0,1 & budc séng twong Gng v6i d6 hap thu dinh thir nhit cta hop
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chit d8i mau theo anh sang thir nhit dudi day (vi du, & budce song hép thu dinh thir
nhét).

Theo phuong an khéc ciia sang ché, c6 dé xuét vt dung ddi mau theo anh
sang ma bao gdm, chét nén va it nhit ba 16p trén d6 bao gdm, 16p 16t ma dugc bd
tri & trén chéit nén, 16p ludng sic ddi mau theo 4nh sang ma duoe bd tri & trén 16p
16t, va 16p phu trén ciing ma dugc bd tri & trén 16p ludng sic ddi mau theo anh

sang.

Lép 16t bao gdm hop chit d6i mau theo 4nh sang thir nhit c6 budc séng
hép thu dinh thir nh4t va budc séng hip thu nho nhit cudi thir nhit. Buéc séng hip
thu nho nhét cubi thir nhit cia hop chit d6i mau theo 4nh sang thir nhit 14 budc
séng cao hon budc séng hép thu dinh thir nhat cta ching.

Lép ludng sic d6i mau theo anh sang bao gdm hop chit ludng sic dbi
mau theo anh sang cé budc séng hip thu dinh thir hai va budc séng hip thu nho
nhét cudi thit hai. Budc séng hip thu nho nhit cudi thir hai ctia hop chét ludng sic
d6i mau theo anh sang 14 budc song 16n hon budce séng hap thu dinh thi hai cia

chung.

Lép phit trén ciing, clia phwong 4n c6 it nhit ba 16p, bao gdm chit hip thu
4nh sang cuc tim tiy ¥, va hop chit ddi mau theo anh sang th@ hai c6 budc séng
hép thu dinh thir ba va budc séng hip thu nho nhét cudi thi ba. Budc séng hip thu
nho nhét cubi tht ba cia hop chit d6i mau theo 4nh sang thi hai 1a budc séng 16n

hon budc séng hip thy dinh thi ba ctia chung,

Vi phuong 4n c6 it nhét ba 16p, budc séng hip thu dinh th hai ctia hop
chit ludng sic ddi mau theo 4nh sang 12 nhd hon so véi budc séng hip thy dinh thir
nhét cta hop chit d8i mau theo 4nh sang thir nhét dudi day. Budc séng hép thu nho
nhéit cudi thir hai ctia hop chit ludng sic d6i mau theo 4nh séng 1a nhé hon so véi
budc song hip thu nho nhit cubi thir nhét ciia hop chat d6i mau theo 4nh sng thir
nhét dudi day. Budc song hép thu dinh thir ba ciia hop chét d6i mau theo 4nh sang
thtt hai 1a nho hon so véi budc séng hip thu dinh thir hai ctia hop chit ludng sic

d6i mau theo 4nh sang dudi day. Budc séng hip thu nho nhét cubi thi ba ciia hop
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chit d6i mau theo 4nh sang thir hai 14 nho hon so véi budc séng hip thu nhod nhét

cudi thit hai ciia hop chét ludng sic dbi mau theo 4nh sang.

Ngoai ra, v6i phuwong 4n c6 it nhit ba 16p, hop chéit ludng sic dbi mau
theo 4nh sang c6 d6 hip thu nho hon hoic bang 0,1 & budc séng twong ing véi do
hap thu dinh thtr nhit ctia hop chit d6i mau theo anh sang thir nhit dudi day (vi du,
& budc séng hap thu dinh thir nhat). Ngoai ra, hop chit d6i mau theo anh séng thir
hai c6 d hép thu nhé hon hoic bing 0,1 & budc soéng twong ng vdi d6 hip thu
dinh thir hai ctia hop chét ludng sic ddi mau theo anh sang (vi du, & budc séng hép
thu dinh th{ hai).

Mo ta van tat cac hinh vé

FIG. 1 14 hinh cét nhin tir canh bén cta vit dung dbi mau theo 4nh sang
theo sang ché, ma bao gém cac minh hoa bing so d6 vé d6 hip thu so véi bude
séng d6i voi hop chit ddi mau theo 4nh sang thir nhit ciia 16p 16t, hop chit ludng
sic ddi mau theo 4nh sang cua 16p ludng sic d6i mau theo anh sang, va hop chét
d6i mau theo anh sang thir hai ctia 16p phil trén cling; va

FIG. 2 14 so dd thé hién d6 hip thu delta trung binh nhu chitc ning cia
budc séng, va mb ta hai quang phd hip thu chénh l&ch trung binh thu dugc trong
16p ludng séc ddi mau theo 4nh sang ma bao gdm hop chit ludng sic d6i mau theo
4nh sdng ma c6 thé dugc bao gdm trong cac vat dung d6i mau theo 4nh sang theo

sang che.

MBO ta chi tiét sang ché

Nhu duoc st dung trong ban mo ta ndy, thuat ngit “birc xa quang hoa” cé
nghia 13 birc xa dién tir ma c6 kha nang tao ra dap tmg & vat liéu, nhw, nhung khong
gidi han &, bién ddi vat liu ddi mau theo 4nh sang tir mot dang hodic trang thai
thanh dang hodc trang thai khac nhu s&€ dugc thao Iudn chi tiét hon trong ban mo ta

nay.
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Nhu dugc sir dung trong ban mo ta nay, thut ngit “d6i mau theo anh
sang” va cdc thuit ngit twong tu, nhu “hop chit ddi mau theo &nh sang” co
nghia 13 ¢6 quang phd hép thu c6 it nhit buc xa nhin thdy dugc ma thay d6i
trong d4p tng dé hdp thu it nhit birc xa quang héa. Ngoai ra, nhu duge st
dung trong ban mo ta nay, thuit ngit “vat lidu ddi mau theo 4nh sang” c6
nghia 12 chéit nén bit ky ma dwgc thich rng @& hién thi cac tinh chit ddi mau
theo anh sang (vi du thich tmg & c6 quang phd hép thu dé it nhit buc xa nhin
thiy dugc ma thay ddi trong dép ing d& hip thu cua it nhit birc xa quang héa)

va ma bao gdm it nhat mét hop chit d6i mau theo anh séng.

Nhu dugc st dung trong ban md ta nay, thuat ngit “hgp chét d6i mau
theo 4nh séang” bao gdm hop chit ddi mau theo 4nh sang nghich déo vé nhiét
va hop chét d6i mau theo 4nh sang khong nghich ddo vé nhiét. Thuat ngit “cac
vat liéu/hop chit d6i mau theo 4nh sang nghich dao vé nhiét” nhu dugc st
dung trong ban md tad ndy cd nghia 1a cac vat li€u/hop chét c6 kha ning
chuyén hoa tir trang thai thi nhit, vi du “trang théi trong subt” sang trang thai
tht hai, vi du “trang thai dugc nhudém mau” dé dap tng téi blrc xa quang hoa,
va quay tr& lai trang thai thir nhét ¢é dap ung t6i nang lwong nhiét. Thust ngir
“céc vat liéu/hop chét dbi mau theo &nh sang khong nghich dao v& nhiét” nhu
dugc st dung trong ban md ta ndy c6 nghia 1a cc vat lidu/hgp chit c6 kha
ning chuyén hoa tlr trang thai th nhit, vi du “trang thai trong sudt” sang
trang théi th hai, vi du “trang théi dugc nhudm mau” dé dap ung t6i buc xa
quang héa, va quay trd lai trang thai thit nhat dé dap g téi birc xa quang hoa
vé co ban cing (cac) budc séng nhu (cac) do hip thu cua trang thai dugc

nhuém mau (ching han, sy chiéu sang gian doan dén birc xa quang héa).

Nhu dugc st dung trong ban md ta nay, thuat ngit “ludng sic” c6
nghia 12 c¢6 kha ning hip thu ciia mot trong hai thanh phéan phan cuc phéng
truc giao cua it nhét buc xa duge truyén manh hon so véi thanh phén khac.

Nhu dugc sir dung trong ban mé ta nay, thut ngit “ludng sic dbi
mau theo anh sang” va céc thuédt ngit tuvong tu, nhu “céc vat li¢u ludng séc dbi

mau theo &nh sang” va “céc hgp chat ludng sdc doi mau theo 4nh sang” cé
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nghia 1a cac vat liéu va céc hop chit ma c6 va/hodc cho ca hai céc tinh chét
- @6i mau theo anh sang (vi du, c6 quang phd hép thu c6 it nhit buc xa nhin
thdy dugc ma thay dbi trong dap wng thanh it nhit birc xa quang héa), va céc
tinh chét ludng sic (vi du, c6 kha ning hép thu mét trong hai thanh phin phan
cuc phéng truc giao cua it nhit birc xa duoc truyén manh hon so v4i thanh
phén khac).

Nhu dugce str dung trong ban md ta nay, thuat ngit “téc do hép thu”
dung dé chi téc @6 do hép thu cta birc xa duge phan cuc tuyén tinh trong mat
phéng thtt nhét so v6i do hép thu cua bic xa dugc phéan cuc tuyén tinh ¢é
cing do dai budc séng trong mit phing truc giao v6i mat phing tht nhét,
trong d6 mit phing thir nhit duoc tao ra nhu 14 mit phing véi d6 hap thu cao

nhét.

Nhu duge str dung trong ban mé ta nay, dé thay dbi thuét ngit “trang
thai” cc thuat ngit “thir nh4t” va “tht hai” khong c6 y dinh ding dé chi trat ty
hoic su sdp xép theo thoi gian cu thé bét ky, nhung thay vi ding dé chi hai
diéu kién hodc tinh chét khac nhau. Véi muc dich minh hoa khong gidi han,
trang thai thir nhét va trang thai thi hai ctia hop chit ludng séc dbi mau theo
anh sang ctia 16p ludng séc ddi mau theo anh sang c6 thé khac nhau dbi véi it
nhét mot tinh chit quang hoc, nhu nhung khong giéi han ¢ d9 hép thu hodc dd
phén cuc tuyén tinh cta birc xa nhin théy dugc va/hodc buac xa UV. Do d6,
theo cac phuong an khong gidi han khac nhau dugce bdc 10 trong ban mo ta
ndy, hop chét ludng séc ddi mau theo anh sang cia 16p ludng sic ddi mau
theo 4nh sang c6 thé c6 quang phd hip thu khac nhau trong mdi trang thai thir
nhit va trang thai th@ hai. Vi dy, trong khi khéng gidi han trong ban mo ta
nay, hop chit ludng sic d6i mau theo 4nh sang cua 16p ludng sic ddi mau
theo 4nh sang c6 thé 1a trong sudt & trang théi thir nhat va dugc nhudm mau &
trang thai thir hai. Theo cach khac, hop chéit ludng sic ddi mau theo anh sang
ctia 16p ludng sic ddi mau theo anh sang c6 thé c6 mau thir nhit & trang thai
thir nhat va mau tht hai & trang thai tha hai. Ngoai ra, nhu duge boc 19 chi tiét

hon & duéi day, hop chét ludng sic ¢di mau theo 4nh séng ciia 16p ludng sic
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d6i mau theo anh sang c6 thé 1a khong phan cuc tuyén tinh (hodc “khdng phén

cuc”) & trang thai thi nhét, va phan cuc tuyén tinh & trang thai thit hai.

Nhu duge st dung trong ban mo ta nay, thudt ngt “quang hoc” cé
nghia 13 lién quan dén hoic két hop vé6i anh sang va/hodic tm nhin. Vi du,
theo cac phuong an khong gi6i han khéc nhau dugc bdc 19 trong ban mé ta
nay, thiét bi hoic thanh phﬁn hodc vat dung quang hoc co thé dugc chon tir
cac thiét bi, thanh phén va vat dung dung cho mét, cac thiét bi, thanh phén va
vat dung hién thi, cira sO, gwong, va cac thiét bi, thanh phin va vét dung té

bao tinh thé long hoat dong va khong hoat dong.

Nhu dugc st dung trong ban mé ta nay, thuat ngit “dung cho mit” c6
nghia la li€n quan dén hoac két hop véi mét va tAm nhin. Céc vi du khong gidi
han v& céc thanh phin hoic vat dung ding cho méit bao gdm kinh didu chinh
khtic xa va kinh khong diéu chinh khuc xa, bao gém kinh don trong hoic kinh
da trong, ma c6 thé 1a kinh da trong phan doan hodc khong phan doan (nhu,
nhung khong giéi han &, kinh hai trong, kinh ba trong va kinh da ti€u cy),
cling nhu cac thanh phén khac dugce dung dé diu chinh khic xa, bao vé, hoic
ning cao (thdm m§ hodc muc dich khac) tdm nhin, bao gdm ma khéng gi6i
han, kinh &p trong, kinh trong mét, kinh khuéch dai, va kinh bao vé hoic tm

kinh che mit.

Nhu dugc st dung trong ban md ta ndy, thuit ngt “chit nén diung

cho mit” c6 nghia 13 céc loai kinh, kinh tao ra theo phén, va dng kinh tréng.

Nhu duge sir dung trong ban mo ta nay, thuat ngit “hién thi” ¢ nghia
12 sy thé hién nhin théy duoc hodac doc duogc béng mdy cua thong tin dudi
dang tur ngit, con s, ky hiéu, thiét k& hoadc hinh v&. Cac vi du khong gidi han
vé cac thiét bi, thanh phén va vat dung hién thi bao gém man chiéu, man hinh,
va thiét bi an ninh, nhu ky hi€u an ninh.

Nhu dugc st dung trong ban md ta nay, thuat ngit “ctra s6” c6 nghia
1a 15 héng duoc thich nghi dé cho phép su truyén birc xa qua d6. Cac vi du
khong gidi han vé cira s bao gdm kinh trong subt ding cho & td va may bay,

kinh loc, ctra chép, va bd ngét mach quang hoc.
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Nhu dugce sir dung trong ban mo ta nay, thuat nglt “guong” cé nghia
12 b& mit ma phan xa bang cach phan chiéu phin 16n hoic dang ké anh sang
toi.

Nhu duge sit dung trong ban mé ta ndy, thut ngit “t& bao tinh thé
long” dung dé chi két cAu chira vat lidu tinh thé 1éng ma c6 kha niang duoc
duoc sép xép. Céac té bao tinh thé long hoat dong 1a céc pin trong do6 vat liéu
tinh thé 1éng c6 kha ning bi ddo nguoc va chuyén mach hodc chuyén ddi co
kiém soat gitta cac trang thai duoc sép xép va bi rdi loan, hoic gifra hai trang
thai duoc sip xép bing cach ap dung ngoai luc, nhu dién truwdng hodc tur
truong. Céc té bao tinh thé 1ong khéng hoat dong 1a cac pin trong d6 vat lidu
tinh thé 1ong duy tri trang thai duoc sip xép. Vi du khong gidi han v& thiét bi
hozc thanh phan té bao tinh thé 1ong hoat d6ng man hinh tinh thé long.

Nhu dugc sir dung trong ban md ta nay, thuat ngit “lép phi” c6 nghia
12 mang hd trg c6 ngudn gdc tir ché phdm c6 thé chay, ma cé thé hoic c6 thé
khong c6 do day ddng déu, va dic biét 13 loai trir cac tAm polyme. Mbi 16p 16t,
16p ludng sic ddi mau theo anh sang va 16p phil trén cing tly ¥ cla cac vat
dung ddi mau theo anh sang theo sang ché c6 thé, trong médt sé phwong én,

ddc 1ap 1a 16p phu.

Nhu duge sir dung trong ban md ta ndy, thuat ngit “tdm” c6 nghia 1a

mang dugc tao ra trudc c6 do day ddng déu chung va c6 kha ning tu hd tro.

Nhu dugc str dung trong ban mé ta nay, thuat ngir “lién két v6i” c6
nghta 13 tiép xuc truc tiép vai dbi tuong hoic tiép xuc khéng truc tiép véi dbi
tuong thong qua mot hodc nhiéu két ciu hodc cac vat liéu khac, it nhit mot
trong s6 ching tiép xuc truc tiép v6i ddi twong. V6i muc dich minh hoa khéng
gi6i han, 16p 16t, vi dy, co thé tiép xuc truc tiép (chéng han, tiép xuc gidi han)
v6i it nhit mot phan cua chét nén hodc né co thé tiép xuc khong truc tiép véi
it nhit mot phén cua chéit nén thong qua mdt hodc nhiéu vat lidu hoic ciu tric
dwoc dit vao giita khac, nhu 16p don phén tir ctia chit két dinh hoidc chit bét

cdp. Vi dy, méc du khong gidi han ¢ day, 16p 16t co thé tiép xuc vdi mot hoac
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nhiéu 16p pha duge dit vao gitta khéc, cac tdm polyme hodc td hop cua ching,

it nhat mot trong s ching tiép xitc truc tiép véi it nhat mot phan cua chét nén.

Nhu dugc st dung trong ban mo ta nay, thudt ngit “vat li€éu nhay
quang hoc” c6 nghia la cac vét liéu ma dap ing hoa hoc hoac vét 1y véi buc xa
dién tir, bao gdm, nhung khong gidi han &, cac vat liéu 14n quang hoc va céc

véat liéu huynh quang.

Nhu duogc st dung trong ban md ta ndy, thuit ngit “cac vat liéu
khong nhay quang” c6 nghia la cac vét liéu ma khong dap ing hda hoc va vat

ly véi blrc xa dién tir, bao gém, nhung khong gidi han &, thudc nhudm tinh.

Nhu duge sir dung trong ban md ta nay, cac tri s§ trong lwong phén
tt clia cac polyme, nhu trong lugng phén tir trung binh khéi (Mw) va trong
lugng phan tir trung binh s6 (Mn), duge xac dinh bing cach sic ky gel sir

dung céc tiéu chudn thich hop, nhu céc tiéu chuén polystyren.

Nhu dugc st dung trong ban mé ta nay, tri sb chi s6 da phan hoa
(PDI) biéu hién tdc do trong lugng phan tir trung binh khéi (Mw) so véi trong
luong phan tir trung binh sé (Mn) ctia polyme (vi du, Mw/Mn).

Nhu dugc st dung trong ban mo ta nay, thudt ngt “polyme” cé nghia
12 cac homopolyme (ching han, dugc diéu ché tir cic loai monome don), céc
copolyme (ching han, dugc didu ché tir it nhit hai loai monome), va céc

polyme ghép.

Nhu dugc st dung trong ban md ta nay, thuit ngit “(met)acrylat” va
cac thuat ngilt tuong tu, nhu “este cua axit (met)acrylic” cé nghia 14 metacrylat
va/hodc cac acrylat. Nhu duge st dung trong ban mo ta nay, thuat ngit “axit

(met)acrylic” cd nghia la axit metacrylic va/hoéc axit acrylic.

Tru truong hgp duge néu rd rang, tt ca céc khoang hoéc cac toc do
dugc boc 19 trong ban mo td nay dugce hiéu 13 d& bao ham tit ca cac khoang
phu hodc céc tbc do phu bét ky dugc bao gdm trong d6. Vi dy, pham vi hodc
tdc d6 da néu "1 dén 10" c6 thé duoc xem xét d& bao gdm tit ca cac khoang

phu bit ky gitta (va bao gdm) tri s6 nho nhét 1a 1 va tri s§ 16n nhét 13 10;
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nghia 13, tit ca cac khoang phu hodc cac tdc do phu bat d4u véi tri s6 nho nhét
12 1 ho#ic 16n hon va két thic véi tri s§ 16n nhét 13 13 10 hodc nhé hon, nhu

nhung khong gi6i han &, 1 dén 6,1, 3,5 dén 7,8, va 5,5 dén 10.

Nhu dugc sir dung trong ban md ta ndy va trong yéu cau bao ho, trir
truong hop duoc néu rd rang, sy thé hién tir trai sang phai ciia cdc nhom lién
két, nhu cac nhom lién két hoa tri hai, bao gém céc su dinh hudng thich hop
khéc, nhu, nhung khong gidi han &, cac sy dinh hudéng tir phdi sang trai. V&i

muc dich minh hoa khong gidi han, su thé hién tir trai sang phai ctia nhém lién

ﬁ
két hoéa tri hai cC—oO hodc duong luwong -C(0)0-, 1a bao gbm su
ﬁ
biéu hién tir phai sang trai cia chung, o0—-¢C , hodc duong lugng

-0(0)C- hoic -OC(O)-.

Nhu duge st dung trong ban md ta ndy, cdc mao tir sd it cling bao
gém s6 nhiéu trir khi duogc thé hién khac di va gidi han mdt cach rd rang dén

mot vat dugce ndi dén.

Nhu dugc st dung trong ban mo ta nay, thuat ngit “hop chét dbi mau
theo 4nh sang thtt nhit” c6 nghia 1 it nhit mot hop chit dbi mau theo 4nh
sang. Khi hai hodc nhidu hop chit ddi mau theo 4nh sang thtr nhit c6 miit,
ching cung téng hop va cung cip (ching han, trung binh) budc séng hip thu
dinh tht nhét, va (ching han, trung binh) budc séng hip thu nhoé nhét cudi thir

nhét.

Nhu dugc sir dung trong ban mé ta nay, thuat ngit “hop chét ludng
sic db6i mau theo anh sang” c6 nghia 1a it nhdt mot hop chét ludng sic ddi
mau theo 4nh sang. Khi hai hodc nhidu hop chét ludng sic ddi mau theo dnh
sang c¢6 mit, chung cing tdng hop va cung cép (ching han, trung binh) budc
song hép thu dinh tht hai, va (ching han, trung binh) budc séng hép thu nho

nhét cudi th\ hai.
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Nhu dugc sir dung trong ban m ta ndy, thuat ngit “hop chit déi mau
theo anh sang thtt hai” c6 nghia 12 it nhit mot hop chit d6i mau theo anh séng
thtt hai. Khi hai hodc nhiéu hop chit d6i mau theo anh sang th hai c6 mat,
ching ciing téng hop va cung cép (chéng han, trung binh) budc séng hip thu
dinh tht ba, va (ching han, trung binh) budc séng hip thu nhé nhét cudi thu
ba.

Nhu dugc st dung trong ban mo ta ndy, thuat ngit “budc séng hép
thy dinh thir nht” c6 nghia 12 budc séng ma & d6 hop chit ddi mau theo anh

sang thu nhét c6 do hép thu dinh (hodc 16n nhéit).

Nhu dugce st dung trong ban mo ta ndy, thudt ngit “budc séng hip
thu nhoé nhét cudi thir nhdt” c6 nghia 12 bude séng ma & d6 hop chét ddi mau
theo 4nh séng thr nhét c6 d6 hip thu nho nhét cudi (hoic trén). Budc séng
hép thu nhoé nhit cudi thir nhit 13 bude séng cao hon bude séng hép thu dinh
thir nhét.

Nhu duge st dung trong ban mo ta nay, thuit ngit “budc séng hép
thu dinh thtr hai” c6 nghia 1a buéc séng ma & d6 hop chit ludng sic d6i mau

theo anh sang c6 4o hép thu dinh (hoic 16n nhét).

Nhu dugc sir dung trong ban md ta ndy, thuat ngit “budc séng hip
thu nho nhit cudi thir hai” ¢é nghia 12 budc séng ma & d6 hop chét ludng séc
d6i mau theo anh sang c6 ¢ hip thu nhé nhét cubi (hoic trén). Budc séng hép
thu nhé nhit cudi thir hai 1a budc séng cao hon budc séng hip thu dinh thir
hai.

Nhu dugc sir dung trong ban mo ta nay, thudt ngit “budc séng hip
thu dinh thir ba” ¢6 nghia 1a buéc séng ma & d6 hop chit d6i mau theo anh
sang thr hai c6 4o hép thu dinh (hodc 16n nhét).

Nhu duoc st dung trong ban mé ta nay, thuat ngit “budc séng hip
thu nhé nhit cubi thi ba” c6 nghia 13 budc séng ma & d6 hop chit dbi mau
theo 4nh sang thir hai c¢6 d6 hip thu nhé nhét cudi (hoic trén). Budc séng hap

thu nho nhét cudi thu ba 1 budc séng cao hon budc séng hap thu dinh thi ba.
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Nhu duoc sit dung trong ban mo ta nay, thuat ngit “phan cuc tuyén
tinh” c6 nghia 14 ¢é gi6i han cac rung dong cua vecto dién cia song anh sang

dén mot hodc mat phéng.

Ngoai cac vi du thyc hién, hodc trong phan thé hién khéc, tit ca cac
s0 th€ hién sO luong cua cac thanh phan, cac diéu kién phan ung, va duoc sir
dung trong ban mo ta va yéu cau bao ho dugc hiéu 12 dugce bien d6i trong moi

trudng hop boi thuat ngit “khoang”.

Nhu dugc sir dung trong ban mo ta nay, cac thudt ngit khong gian
hodc dinh huéng, nhu "trai", "phai", "trong", "ngoai", "trén", "dudi", va tuong
ty, lién quan dén sdng ché nhu dwoc miéu ta trong phan hinh v&. Tuy nhién,
can hiéu ring sang ché c6 thé bao gdm céc dinh hudng khac nhau va, theo dé,

cac thuat ngilt ndy khong dugc coi 1a giéi han.

Nhu duoc st dung trong ban mo ta nay, cac thuit ngit "dugce tao ra &
trén”, "dugc két tua & trén", "dugc dua ra ¢ trén", “dugc phu & trén”, cé &
trén”, hodc “dugc bd tri & trén” cé nghia 13 dugc tao ra, két tua, dua ra, phu,
tdn tai, hodic dugc bd tri & trén nhung khong cén thiét tiép xtc truc tiép (hoic
tiép giap) véi cac thanh phéan bén dudi, hodic bé mat ctia thanh phan bén dudi.
Vi dy, 16p "dugc bd tri & trén" chit nén khong loai trir sy ¢6 mit cuia mot hodc
nhiéu 16p, 16p phii, hoic mang khéc ctia ché phdm gidng nhau hodc khac nhau

duoc dit gitra 16p va chat nén duge bd tri hodic tao ra.

T4t ca céc tai liéu, nhu nhung khong giéi han & cac bing ddc quyén
sang ché da dugc cdp va cac don sang ché, dugc dé cép ¢ day, va trur trudng
hop dugc néu rd rang, duge xem xét 1a "duoc két hop bing cach tham chibu"

mot cach toan bo.

V6i su tham chiéu dén FIG. 1, va v6i muc dich minh hoa khong gidi
han, vat dung dbi mau theo anh sang 2 theo sang ché dugc miéu ta. Vat dung
d6i mau theo 4nh séng 2 bao gdm chit nén 11 c6 bé mit thir nhit 12 va bé mat
tht hai 13, trong d6 bé mit thir nhat 12 va bé mat tht hai 13 nay 1a déi dién
v6i nhau. B& mit thtr nhit 12 cua chit nén 11 d6i mit véi bic xa quang hoa

duoc miéu ta béng miii tén 15. V4t dung ddi mau theo 4nh sang 2 con bao
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gbém 16p 16t 14 & trén (ching han, tiép giap) chit nén 11 va cu thd & trén
(chang han, tiép giap) bé mit thir nh4t 12 cua chit ndn 11. Vat dung dbi mau
theo 4nh sang 2 con bao gém 16p ludng sic déi mau theo anh sang 17 & trén
16p 16t 14, va 16p phu trén cing tiy y 20 & trén 16p ludng sic ddi mau theo
4nh sang 17. Vat dung ddi mau theo 4nh sang 2 cta FIG. 1 bao gdm cac 16p
tuy y khdc, ma s& dugc moé ta thém & day.

Lép 16t 14 bao gdm hop chit dbi mau theo 4nh sang tht nhét c6 tinh
chat hap thy dugc biéu hién bang so dd 23, ma 12 bidu dd thé hién d¢ hép thu
so v&i buéc séng dbi v6i hop chit ddi mau theo anh sang thu nhit. Véi su
tham chiéu dén so @b 23 cta FIG. 1, hop chit ddi mau theo 4nh sang thir nhét
c6 budc song hép thu dinh tha nhét 26, va budc séng hép thu nho nhét cudi
thi nhét 29. Budc séng hip thy nho nhit cubi thtt nhét 29 cua hop chét dbi
mau theo 4nh séng th nhét 13 budc séng cao hon budc séng hép thu dinh tht

nhét 26 cua ching.

Lép ludng sic d6i mau theo 4nh sang 17 cua vat dung ddi mau theo
4nh sdng 2 bao gdm hop chit ludng sic ddi mau theo 4nh sang c6 tinh chét
hép thy dugc biéu hién bing so d6 32, ma 1a bidu dd thé hién do hép thu so
v6i budce séng dbi véi hop chit ludng sic ddi mau theo 4nh sang. V6i su tham
chiéu dén so d6 32 cta FIG. 1, hop chit ludng sic ddi mau theo 4nh sang co
budc séng hip thu dinh tht hai 35, va budc séng hip thu nho nhét cubi thit hai
38. Bu6c séng hap thu nho nhét cudi thir hai 38 cua hop chét ludng sic ddi
mau theo 4nh sang 13 budc séng cao hon budc séng hap thu dinh thi hai 35

cua chung.

Lép phu trén cing tiy y 20 cia vat dung dbi mau theo anh sang 2 c6
thé, trong mot s6 phuong an theo sang ché, bao gdm hop chit dbi mau theo
&nh sang thi hai c¢6 tinh chit hap thu duoc biéu hién bang so db 41, ma 1a biéu _
dd thé hién do hép thu véi budce song dbi voi hop chit d6i mau theo anh sang
th&t hai. Véi su tham chiéu dén so @b 41 cua FIG. 1, hop chit ddi mau theo
anh séng th hai c6 do hép thu dinh tht ba 44, va budc song hép thu nho nhét

cubi tht ba 47. Budc séng hip thu nho nhét cudi thir ba 47 cua hop chit dbi
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mau theo 4nh sang tht hai 1a budc séng cao hon budc séng hdp thu dinh thi

ba 44 cta ching.

MJi so dd trong sé cac so dd 23, 32, va 41 cia FIG. 1 m6 ta d6 hép
thu nhu chirc ning cia budc séng tir 300 nm dén khoang 420 nm. Nhu dugc
tham chiéu & phan trudc trong ban mé ta ndy, FIG. 1, bao gdm céc so dd 23,
32, va 41, dugc tham chiéu v6i muc dich minh hoa khoéng gidi han. Nhu viy,
do hép thu cua hgp chit d6i mau theo anh sang thir nhét, hop chét ludng séc
d6i mau theo anh sang, va hop chit déi mau theo anh sang thir hai trong mbi
trudng hop 1a khong giéi han dén khoang budc soéng tir 300 nm dén 420 nm,

nhu s& dugc mo ta chi tiét hon & day.

Nhu miéu ta bing so dd trong FIG. 1, buéc séng hép thu dinh thir hai
35 ctia hop chit ludng sic db6i mau theo anh sang ciia 16p ludng sic dbi mau
theo 4nh séang 17 1a nhé hon so v&i budc séng hdp thu dinh thir nhit 26 cua
hop chit ¢6i mau theo anh sang thur nhit cia 16p 16t bén dudi 14. Ngoai ra,
budc séng hip thu nhé nhét cubi thit hai 38 ctia hop chét ludng sic ddi mau
theo 4nh sang cua 16p ludng sic ddi mau theo 4nh séng 1a nho hon so véi
budc séng hap thu nhd nhit cudi thi nhat 29 ctia hop chit ddi mau theo anh

sang th nhét cua 16p 16t bén dudi.

M3i hop chét ludng sic ddi mau theo 4nh sang cta 16p ludng sic dbi
mau theo 4nh sang 17 va hop chit d6i mau theo anh sang thir nhat cua 16p 16t
bén dudi 14 duge chon d& co tinh chét hép thu nhu dugc mo ta néu trén.
Ngoai ra ching dugc chon sao cho hop chit ludng sic ddi mau theo anh séng
c6 d6 hip thu nho hon hoic bing 0,1 & budc séng twong Gng hoic twong
duong voi budce séng hip thu dinh thi nhit 26 (vi du, & budc séng hip thu
dinh thir nhét 26) cta hop chit ddi mau theo 4nh séng thit nhét cta 16p 16t bén
dudi 14. Vi mot s6 phuong an theo sang ché, hop chét ludng sic ddi mau
theo &nh sang c6 do hép thu nho hon hoac béng 0,05, hodc nho hon hoac béng
0,025, hodac nhé hon hodc béng 0,02, hodc nhé hon hodc béng 0,015, hodc nho
hon hodc biang 0,01 & budc séng hip thu dinh tht nhat 26 ctia hop chéit dbi

mau theo 4nh sang thir nhét cua 16p 16t bén dudi 14. Vi mot sd phuong an
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khac, hop chét ludng sic db6i mau theo anh sing c6 dd hip thu gin nhu la
bang khong & budc séng hap thu dinh thir nhit cia hgp chit d6i mau theo 4nh

sang tht nhét cua 16p 16t bén dudi.

Theo céc vat dung d6i mau theo 4nh sang theo sang ché, trong d6 16p
phu trén cung 20 13 khong c6 mit, hosic c6 mit nhung khéng bao gdbm hop
chét dbi mau theo anh sang thtr hai, buc xa quang hoéa téi, vi du nhu dugc
miéu ta bang miii tén 15 trong FIG. 1, di qua 16p ludng sic ddi mau theo 4nh
sang 17 va dugc hip thu theo phin bang hop chit ludng sic ddi mau theo anh
sang ctia chiing. Mdi hop chit ludng sic ddi mau theo anh sang va hop chét
d6i mau theo anh sang thtr nhét dugc chon sao cho cac vi tri ciia budc séng
hép thu dinh thir hai 35, va budc séng hip thu nho nhit cubi ther hai 38, lién
quan dén budc séng hép thu dinh thi nhit 26, két qua 12 hop chit ludng sic
d6i mau theo anh sédng c6 d6 hdp thu nhé hon 0,1 & budc séng hip thu dinh
- tht nhit 26. Két qua nay trong d6 hip thu nho nhét cua buc xa quang héa téi
15 bing hop chét ludng sic d6i mau theo anh sang trong 16p ludng sic dbi
mau theo anh séng 17, lién quan dén budc séng hip thu dinh tht nhit 26 cua
hop chét ddi mau theo 4nh sang thir nhét cua 16p 16t bén dudi 14. Nhu vay, su
chuyén héa hop chét ludng sic ddi mau theo anh sang ciia 16p ludng sic dbi
mau theo 4nh séng 17, va su chuyén héa hop chit ddi mau theo anh sang thir
nhét cua 16p 16t bén duéi 14, trong mdi trudng hop thanh trang thai nhuém
mau hodc trang thai t5i mau bing cach tiép xuc véi birc xa quang hoa t6i 15,
trong mdi trudng hop gin nhu 12 t8i da. Két qua 13, cac vat dung ddi mau theo
anh sang theo sang ché thudng 12 t6i mau hon khi tiép xtc véi cing m6t mic
do burc xa quang hda t6i so vdi cac vat dung dbi mau theo anh sang co6, vi du,
16p ludng sic ddi mau theo anh sang chira hop chét ludng sic ddi mau theo
4nh sang trong su vdng mat cta 16p 16t bén dudi chira hop chét ddi mau theo

4nh sang thtr nhat nhu dugc mo ta néu trén.

Véi mot sb phuong an theo sang ché, mdi hop chét ludng sic ddi
mau theo &nh sang va hop chit d4i mau theo anh sang th nhit duoc chon sao

cho buédc séng hip thu nho nhit cubi thir hai (ching han, 38 cia hop chét
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ludng séc ddi mau theo 4nh sang cua 16p ludng sic d6i mau theo anh sang 17)
va budc séng hip thu dinh thtr nhét (ching han, 26 ctia hgp chit ddi mau theo
4nh sang thir nhét cua 16p 16t 14) c6 d6 chdng chéo & giita. Vi mot sd phuong
~ 4n khéc, khong c6 @6 chdng chéo & giira budce séng hap thu nhé nhét cubi thir
hai (chéng han, 38 cta hop chét ludng sic d6i mau theo anh sang cua 16p
ludng sic ddi mau theo anh sang 17) va budc séng hip thu dinh thér nhit

(ching han, 26 ciia hop chit d6i mau theo 4nh sang thir nhét cta 16p 16t 14).

Theo mdt sb phuong 4n, budc séng hip thu nhd nhét cubi thi hai
(chidng han, 38 cta hop chét ludng sic ddi mau theo 4nh sing cia 16p ludng
séc ddi mau theo 4nh sang 17) 12 nho hon hoic bang gia tri budc séng dan xen
thtr nhét dugc tinh toan tir phuong trinh duéi day-(al),

Phuong trinh-(al)

(Buéc séng hip thu dinh thi nhét) x 1,05

V6i muc dich minh hoa khdéng gidi han, néu budc séng hép thu dinh thir nhit
(ctia hop chét d6i mau theo 4nh sang thir nhét) 12 400 nm, sau d6 budc séng
hép thu nhé nhét cudi thir hai (ctia hop chéit ludng sic d6i mau theo anh sang)
12 nho6 hon hodc bing 420 nm, nhu x4c dinh theo Phuong trinh-(al).

Vi mot sé phwong an khac theo sang ché, buéc séng hip thu nho
nhét cudi thi hai (ching han, 38 ciia hop chét ludng sic d6i mau theo anh
sang cua 16p ludng séc d6i mau theo 4nh sang 17) 12 nhé hon hoic bang gia tri
budc séng dan xen thir nhat dugc tinh toan tir phwong trinh duéi diy-(a2),
Phuong trinh-(a2)

(Budc séng hép thu dinh tht nhat) x 1,025

Vi muc dich minh hoa khoéng gidi han, néu budc séng hép thu dinh tht nhit

(cua hop chit d6i mau theo anh séng thi nhéit) 13 400 nm, sau d6 budc séng

hép thu nho nhét cudi thir hai (cta hop chit ludng sic db6i mau theo 4nh sang)

12 nho hon hodc bing 410 nm, nhu dugc xac dinh theo Phuong trinh-(a2).
Theo mot s& phwong 4n khac theo sang ché, budc séng hip thu nhéd

nhét cudi tht hai (ching han, 38 ctia hop chét ludng sic d6i mau theo anh
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sang cuia 16p ludng sic ddi mau theo 4nh séng 17) 1a nhd hon ho#c bing budc
séng hip thu dinh thit nhit (ching han, 26 cta hop chit ddi mau theo 4nh séng
thtr nhét cua 16p 16t 14). Véi cac phuong 4n b sung, budc séng hép thu nho
nhét cudi thir hai 13 nho hon so vé6i bude s6ng hép thu dinh thi nhét, va do d6
khéng c6 dd chdng chéo & giita.

MJi budc séng hép thy dinh thi nhit, budc séng hip thu dinh nho
nhét cudi thi nhit, budc song hép thu dinh tht hai, va budc séng nho nhét
cudi ther hai co thé doc lap dugc chon tir khoang thich hop bit ky cua céc
budc séng, nhu cac budc séng tuong ing v4i anh sang cuc tim, anh sang nhin
thdy dugc, 4nh sang hdng ngoai, va tb hop cua ching. Vi mot sb phuong én,
mdi buéc séng hép thu dinh th nhét, budc song hép thu dinh nho nhét cubi
thir nhét, budce séng hip thu dinh thi hai, va budc séng nho nhét cubdi thi hai
doc 1ap dugc chon tir 300 nm dén 780 nm, bao gém céc tri sb budce séng dugc
vién dan.

Theo mdt s6 phuong an khac, m8i budc séng hép thu dinh tht nhét,
budc séng hip thu dinh nho nhit cudi thir nhit, buéc séng hip thu dinh thir
hai, va budc séng nho nhét cubi the hai doc lap dugc chon tir 300 nm dén 500

nm, bao gdm cdc tri s6 buéc séng duoc vién din.

Theo mét s& phuong 4n khéac theo sang ché: buédc song hép thu dinh
thtr nhét (ctia hop chit d6i mau theo 4nh sang thir nhét cia 16p 16t) dugc chon
tir 400 nm dén 420 nm, bao gém céc tri s budc séng duoc vién din; budc
séng hép thy dinh thir hai (ctia d8i mau theo 4nh sang hop chit ludng sic cua
16p ludng sic ddi mau theo anh sang) dugc chon tir 350 nm dén 370 nm, bao
gdm céc tri s6 bude séng dugc vién din; va budc séng hip thu nho nhéit cudi
thir hai (ctia d6i mau theo 4nh sang hop chét ludng sic cia 16p ludng sic dbi
mau theo anh sang) 12 nho hon hoic bang gia tri budc séng dan xen thir nhit
duoc tinh toan tir Phuwong trinh-(al), d6 13, (46 hip thu dinh tht nhét) x 1,05,
hodc Phuong trinh-(a2), d6 13, (46 hap thu dinh tht nhét) x 1,025. V&i phuong
&n ndy, budc séng hap thu nho nhét tht hai c6 gidi han trén 13 tir 420 nm dén

441 nm, hodc tir 410 nm dén 431 nm, trong mdi trudng hop bao gdm céc tri sb
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da néu. Theo phuong 4n nay, budc séng hip thu nho nhét cudi thir nhét (cua
hogp chit d6i mau theo anh sang tha nhét cua 16p 16t) co thé, vi dy, 1a tir 16n
hon 420 nm dén 450 nm.

Véi mot s6 phuong 4n theo sang ché, vat dung ddi mau theo anh
sang, ngoai ra dbi véi 16p 16t va 16p ludng séc db6i mau theo anh sang nhu
dugc md ta néu trén, con bao gdm 16p phu trén cing (ching han, 20) ma bao
gdm hop chét ddi mau theo 4nh sang thir hai ¢é budc séng hép thy dinh thi ba
(chrfmg han, 44), va budc song hép thu nho nhét cubi thir ba (chéng han, 47),

nhu dugc mo ta & trén.

Theo céc vat dung ddi mau theo anh sang theo sang ché, trong d6 16p
phu trén clng 20 13 c6 mit va bao gdm hop chit ddi mau theo 4nh séng thu
hai, bltc xa quang héa t6i, vi du nhu dugc miéu ta bang mii tén 15 trong FIG.
1, di qua 16p phil trén cling 20 va dugc hip thu theo phan bang hop chit dbi
mau theo anh séng tht hai cia chiing. Diéu nay dugc dé cap dén & day nhu 1a
phuong 4n c6 it nhit ba 16p. M3i hop chit d6i mau theo anh sang thir hai va
hop chét ludng sic db6i mau theo 4nh sang dugc chon sao cho cac vi tri cua
budc séng hip thu dinh thir ba 44, va buédc séng hip thu nho nhit cudi thir ba
47, lién quan dén budc séng hép thu dinh tht hai 35, két qua 1a hop chét dbi
mau theo 4nh sang th{ hai ¢6 d6 hip thu nhé hon hodc bang 0,1 & budc séng
hép thu dinh thi hai 35. Céc két qua nay trong do hap thu nho nhét cua birc xa
quang hoéa t&i 15 bing hop chit ddi mau theo anh sang th hai trong 16p phu
trén cung 20, lién quan dén budc séng hdp thu dinh thir hai 35 cia hop chit
ludng sic ddi mau theo anh sang cua 16p ludng sic ddi mau theo anh sang &
duéi day 17.

M3i hop chit dbi mau theo anh sang th hai cta 16p phu trén cliing 20
va hop chét ludng sic d6i mau theo anh sang cua 16p ludng sic ddi mau theo
anh sang ¢ dudi day 17 dugc chon nhu vay dé co tinh chét hép thu nhu duoc
mod ta néu trén, va sao cho hop chit ddi mau theo anh sang th hai c6 d6 hip
thu nho hon hoic bing 0,1 & budc séng twong tng hoic dwong lugng véi

buéc séng hép thu dinh thi hai 35 (vi du, & budc séng hép thu dinh tht hai
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35) ctia hgp chit ludng sic ddi mau theo 4nh sang cia 16p ludng sic ddi mau
theo 4nh sang & dudi day 17. Véi mot s6 phuong an theo sang ché, hop chét
dbi mau theo anh sang thu hai c¢6 do hép thu nhé hon hoac b::ing 0,05, hoic
nho hon hodc béng 0,025, hodac nho hon hoic bﬁng 0,02, hodc nhé hon hoac
béng 0,015, hodc nho hon hoic bﬁng 0,01 & budc song hép thu dinh thi hai 35
ctia hop chét ludng sic ddi mau theo anh sang cua 16p ludng sdc ddi mau theo
&nh séng & duédi day 17. Véi mot s phuong an khac, hop chét ddi mau theo
4nh sang thtr hai c6 d6 hip thu gin nhu 12 bang khong & bude séng hap thu
dinh thtt hai ctia hop chat ludng sic d6i mau theo anh sang cua 16p ludng séc
d6i mau theo anh sang & dudi day.

Déi véi birc xa quang héa t6i di tir 16p phu trén cing 20, va tiép tuc
di qua 16p ludng sic d6i mau theo anh sang 17 va 16p 16t 14, d6 hép thu tuwong
quan gifta hop chét ludng sic ¢6i mau theo 4nh sang va hop chét d6i mau theo
4nh sang th nhit & dudi day 1a nhu dugc mo ta & trén (ching han, hop chét
ludng sdc ddi mau theo anh sang c6 d6 hap thu nho hon hoic bing 0,1 & bude
song hap thu dinh th& nhéat 26). Nhu vay, viéc chuyén héa hop chét ¢6i mau
theo 4nh sang tht hai ctia 16p phi trén ciing 20, viéc chuyén héa hop chét
ludng sdc ddi mau theo anh sang cua 16p ludng sic d6i mau theo anh sang &
duéi day 17, va viéc chuyén héa hop chit d6i mau theo anh sang thi nhét cua
16p 16t bén duéi 14, trong mdi trudng hop thanh trang thai duoc nhudm mau
hozc 1am t6i mau bing céch tiép xuc véi birc xa quang héa téi 15, trong mdi
trudng hop gan nhu 1a t6i da. Két qua 1, cac vat dung ddi mau theo anh sang
theo sang ché, c6 it nhit ba 16p ddi mau theo anh sang, thudng 1a t6i mau hon
khi tiép xuc véi ciing mirc d6 cia birc xa quang hoéa t6i khi so véi céc vat
dung ddi mau theo 4nh sang, vi du, c6 16p ludng sic ddi mau theo 4nh sang
chira hop chét ludng sic d6i mau theo anh sang khong cé mat ca 16p phu trén
cling ndm bén trén c6 hop chit ddi mau theo anh sang thi hai, va 16p 16t bén

duéi chira hgp chit ddi mau theo anh sang thir nhat nhu dugc mé ta néu trén.

Vi mét sd phuong an theo sang ché, mdi hop chit ddi mau theo anh

sang thtr hai va hop chit ludng séc d6i mau theo 4nh sang dwgce chon sao cho
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budc séng hap thu nho nhit cudi thir ba (ching han, 47 ctia hop chét d6i mau
theo 4nh sang thtt hai ctia 16p phii trén cling 20) va budc séng hap thu dinh thir
hai (ching han, 35 cta hop chét ludng sic d6i mau theo anh sang cua l6p
ludng sic ddi mau theo anh sang 17) c6 dd chdng chéo tbi thidu gitra ching.
Véi mot sd phwong 4n khac, khong c6 d6 chdng chéo & gitta budc séng hép
thu nho nhéit cubi thir ba (ching han, 47 cta hop chit ddi mau theo 4nh séng
thtr hai cta 16p phu trén cung 20) va budc séng hip thu dinh thir hai (ching
han, 35 ctia hop chit ludng sic d6i mau theo 4nh sing cta l6p ludng sic dbi

mau theo &nh sang 17).

Theo mét sé phuong 4n, budc séng hip thu nho nhét cudi thir ba
(ching han, 47 cia hop chit ddi mau theo 4nh sang tht hai cia 16p phu trén
ciing 20) 12 nho hon hodc bing gia tri budc séng dan xen thi hai dugce tinh

toan tir phuong trinh-(b1) duéi day,
Phuong trinh-(b1)
(budc séng hép thu dinh thir hai) x 1,05

Véi muc dich minh hoa khong gidi han, néu budc song hép thu dinh th@ hai
(ctia hop chét ludng sic d6i mau theo anh sang) 1a 360 nm, sau d6 budc séng
h4p thu nho nhét cudi thir ba (ctia hop chét d6i mau theo anh sang thi hai) 13
nhoé hon hoéc béng 378 nm, nhu dugc xac dinh theo Phuong trinh-(bl). Buédc
s6ng nam bén trén thir nhit nhu ndm gitta budc séng nhéd nhit cudi thr hai
(ctia hop chit ludng sic dbi mau theo 4anh sang cua 16p ludng sic dbi mau
theo 4nh séng) va budc séng hép thu dinh thir nhit (ctia hop chit d6i mau theo
anh sang thir nhét cua 16p 16t bén dudi) c6 thé dugc xac dinh mét cach dong

thoi voi tham chiéu dén Phuong trinh-(al) nhu duge mo ta néu trén.

Véi mot sb phuong an khac theo sang ché, budc séng hip thu nho
nhét cudi thi ba (ching han, 47 cia hop chit d6i mau theo anh séng thit hai
cta 16p phu trén cing 20) 1a nhé hon hozc bing gia tri budc séng dan xen thi

hai dugc tinh todn tir phuong trinh-(b2) duéi day,

Phuong trinh-(b2)
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(budc séng hip thu dinh thi hai) x 1,025

V61 muc dich minh hoa khong gidi han, néu buéc séng hép thu dinh tha hai
(ctia hop chit ludng sic d6i mau theo 4nh sang) 1a 360 nm, sau d6 budc song
hép thu nhé nhét cudi thir ba (ctia hop chit déi mau theo anh sang tht hai) 1a
nho6 hon ho#c bing 369 nm, nhu dugc xé4c dinh theo Phuong trinh-(b2). Budc
séng ndm bén trén thtr nhit nhw nim giita budc séng nhoé nhit cudi thi hai
(chéng han, 38 ctia hop chét ludng sic ddi mau theo 4nh sang cua 16p ludng
sic d6i mau theo anh sang 17) va budc séng hip thu dinh thir nht (chéng han,
26 ciia hop chéit ddi mau theo 4nh sang thir nhét cua 16p 16t bén dudi 14) co
thé dugc x4c dinh mot cach ddng thoi véi tham chiéu dén Phuong trinh-(a2)

nhu dugc mo ta néu trén.

Theo mot s& phwong an khac theo sang ché, budc séng hip thy nho
nhét cubi thi ba (chéng han, 47 cua hop chit d6i mau theo anh sang th hai
clia 16p phi trén cing 20) 12 nhé hon hoic bang budc séng hip thu dinh thi
hai (ching han, 35 ctia hop chit ludng sic ddi mau theo anh sang cua 16p
ludng sic d6i mau theo 4nh sang 17). Vi cac phuong 4n bd sung, bude séng
hép thu nho nhét cudi thit ba 12 nhé hon so véi budc séng hip thu dinh thu
hai, va do d6 khong c6 dd chdng chéo & giita. Mot cach ddng thoi, va nhu
dugc mod ta & trén, do hép thu nho nhét cudi thir hai (chéng han, 38 cua hop
chit ludng sic d6i mau theo 4nh sang cua 16p ludng sic db6i mau theo anh
sang 17) c6 thé nho hon hoic bang (hoic nhé hon) budc séng hip thu dinh thir
nhét (ching han, 26 cta hop chéit ddi mau theo 4nh sang thw nhét caa 16p 16t
bén dudi 14).

Véi mot s6 phuong an theo sang ché, khi 16p phu trén cing c6 mit va
bao gdm hop chit d6i mau theo anh sang thit hai, m&i budc séng hép thu dinh
thir nhit, budc séng hép thu dinh nho nhét cudi thir nhat, budc séng hip thu
dinh thi hai, budc séng nhé nhit cudi thit hai, budc séng hip thu dinh thir ba,
va budc séng hép thu nho nhit cubi thir ba c6 thé doc lap duogc chon tu
khoang thich hop bét ky ciia cac bude séng, nhu cac bude séng tuwong ung véi

anh sang cuc tim, anh sang nhin thiy duoc, 4nh sang hdng ngoai, va td hop
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ctia ching. Vé&i mot s6 phuong 4n, mdi bude séng hép thu dinh th& nhéit, bude
song hép thu dinh nho nhéit cudi thi nhét, budc séng hép thu dinh tha hai,
budc séng nhé nhit cudi thi hai, budc séng hép thu dinh tha ba, va buéc song
hép thu nho nhét cudi thir ba doc lap duogc chon tir 300 nm dén 780 nm, bao

gom cdc tri sO budc séng duoc vién dan.

Vé&i mot s& phuong an theo sang ché, khi 16p phu trén cung cé mét va
bao gdm hop chét ddi mau theo 4nh sang thu hai, mdi budc séng hép thu dinh
thtt nhét, budc séng hip thu dinh nho nhét cudi the nhit, budc séng hép thu
dinh thi hai, budc sdng nho nhét cudi thit hai, buéc song hép thu dinh tha ba,
va budc séng nho nhét cudi thir ba doc 14p duge chon tir 300 nm dén 500 nm,

bao gdm céc tri s6 bude séng duge vién dan.

Theo mot s6 phuong 4n khac theo sang ché, khi 16p phu trén cung c6
mit va bao gdm hop chét d6i mau theo anh séng thi hai: budc séng hép thu
dinh th@ nhit (ctia hop chit ddi mau theo anh sang thir nhét cia 16p 16t) duoc
chon tir 400 nm dén 420 nm, bao gém cac tri s6 budc Séng duoc vién dan;
budc séng hép thu dinh thi hai (cua hop chit ludng sic ddi mau theo anh séng
cta 16p ludng sic d6i mau theo 4nh sang) duge chon tir 350 nm dén 370 nm,
bao gdm cac tri s§ budc séng dwgc vién din; budc séng hép thu dinh thu ba
(ctia hop chat d6i mau theo anh sang thw hai cia l6p phu trén cing) dugc chon
tir 310 nm dén 330 nm, bao gdm céc trj sé bude séng dugc vién din. Ngoai ra,
bude séng hip thu nho nhét cubi the hai (cua hop chét ludng sic dbi mau theo
4nh sang ctia 16p ludng sic d6i mau theo anh sang) 13 nho hon hodc bing gia
tri budc séng dan xen thtr nhit dugc tinh toan tir Phwong trinh-(al), d6 1a,
(Budc song hép thu dinh th@ nhat) x 1,05, hodc tir Phuong trinh-(a2), dé la,
(Buéc song hép thu dinh thir nhét) x 1,025. Ngoai ra, budc séng hip thu nhod
nhét cudi th ba (cua hop chit d6i mau theo anh sang tht hai cua 16p phu trén
cling) 1a nhé hon hoic bang budc séng ndm bén trén thir hai duoc tinh toan tir
Phuong trinh-(b1), d6 1a, (budc séng hép thu dinh th@ hai) x 1,05, hoac tur
Phuong trinh-(b2), d6 13, (budc séng hép thu dinh thi hai) x 1,025.
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V6i phuong 4n ndy, budce séng hip thu nho nhét cudi thi ba (ctua hop
chit d6i mau theo 4nh sang tht hai cua 16p phu trén cung) c6 gidi han trén 1a
tir 368 nm dén 389 nm, hodc tir 359 nm dén 380 nm, trong mdi trudng hop
bao gdm céc tri sb di néu. Ngoai ra véi phuong 4n ndy, budc séng hip thu
nhé nhit cudi thtt hai (ctia hgp chét ludng séc ddi mau theo 4nh sang cua 16p
ludng sic d6i mau theo anh sang) c6 gi6i han trén 1 tir 420 nm dén 441 nm,
hoic tir 410 nm dén 431 nm, trong mdi truong hogp bao gém céc tri sd d3 néu.
Theo phwong 4n ndy, budc séng hép thu nho nhét cudi thir nhét (cua hop chét
d6i mau theo anh sang thir nhit cta 16p 16t) ¢6 thé, vi du, 12 tir 16n hon 420 nm

dén 450 nm, bao gom céc tri sd d& néu.

Céc chit nén ma & d6 chit nén cua céc vat dung dbi mau theo anh
sang theo sang ché cé thé dugc chon bao gdm, nhung khong gi6i han &, cac
chit nén dugc tao ra tir cac vt liéu hitu co, cac vat liéu vo co, hojc td hop cua
ching (vi dy, céc vat liéu composit). Céc vi du khong giéi han vé cac chat nén
ma c6 thé dugce dung theo cac phuong an khong gidi han khac nhau dugce bde

1 trong ban md ta ndy dugc mo ta chi tiét hon duéi day.

Céac vi du khong gidi han vé cac vat liéu hitu co ma c6 thé dugc dung
dé tao ra chét nén cua cac vat dung ddi mau theo 4nh sang theo sang ché, bao
gbm céc vat liéu polyme, vi dy, céac homopolyme va céc copolyme, dugc diéu
ché tir cdc monome va cac hdn hop clia cdc monome dugc bde 1§ trong Béng
sang ché Hoa Ky s6 5,962,617 va trong Bing sang ché Hoa Ky sb 5,658,501
tlr cot 15, dong 28 dén cot 16, dong 17, cac phan boc 16 cua cic Bing sang
ché Hoa Ky duoc két hop cu thé & day béng cach tham chiéu. Vi du, cac vat
liéu polyme nay co thé 1a cac vat lidu polyme déo nhiét hodc déo nhiét rén, c6
thé 1a trong sudt hoic trong vé mat quang hoc, va c6 thé c6 chi sd khic xa cin
thiét bt ky. Cac vi du khong giéi han vé cdc monome va polyme da dugc boe
16 ndy bao gdm: cidc monome polyol(allyl cacbonat), ching han, allyl diglycol
cacbonat nhu dietylen glycol bis(allyl cacbonat), ma monome dugc ban dudi
nhan hi¢éu CR-39 cua PPG Industries, Inc.; cidc polyme polyurea-polyuretan

(polyurea-uretan), ma duoc didu ché, vi du, bing phan tmg cua tién polyme
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polyuretan va chit héa rin diamin, ché phdm chira mot polyme nay dugc ban
dudi nhén hi¢éu TRIVEX cta PPG Industries, Inc.; cacbonat monome gidi han
polyol(met)acryloyl; cdc monome cua dietylen glycol dimetacrylat; céac
monome cua phenol metacrylat dugc etoxy hda; cdc monome cia
diisopropenyl benzen; cidc monome cua trimetylol propan triacrylat dugc
etoxy hoda; cdc monome cua etylen glycol bismetacrylat; cAc monome cua
poly(etylen glycol) bismetacrylat; cdc monome cla uretan acrylat;
poly(bisphenol A dimetacrylat dugc etoxy hda); poly(vinyl axetat); poly(vinyl
alcohol); poly(vinyl clorua); poly(vinylitn clorua); polyetylen; polypropylen;
polyuretan; polythiouretan; polycacbonat déo nhiét, nhu nhua lién két
cacbonat c¢6 ngudn gdc tir bisphenol A va phosgen, mot vét liéu nay dugc ban
dudi nhan hiéu LEXAN; céc polyeste, nhu vat liéu dugc ban dudi nhéan hiéu
MYLAR; poly(etylen terephtalat); polyvinyl butyral; poly(metyl metacrylat),
nhu vét liéu duge ban dudi nhan hi€éu PLEXIGLAS, va céc polyme dugc san
xudt bang cach phan tng da chuc céc isoxyanat véi céc polythiol hodc céac
monome cua polyepisulfit, hodc homopolyme héa hodc co-va/hodc terpolyme
héa v@i cac polythiol, cac polyisoxyanat, cic polyisothioxyanat va céc
monome khéng no etylen tily ¥ hodic cdc monome cua vinyl chtra chit thom
halogen héa. Ciling dugc du dinh trudc 1a cac copolyme cia cdic monome nay
va cac hdn hop pha tron ctia cic polyme di dugc mo ta va céc copolyme voi
cac polyme khéc, vi du, dé tao ra cac copolyme khdi hodc cac san phdm mang

luéi dan xen nhau.

Chét nén c6 thé, véi mot s phuong an, 13 chét nén dung cho mét.
Céac vi du khong giéi han vé cac vat lidu hitu co thich hgp dé dung trong viéc
tao ra cac chit nén dung cho mét bao gbém, nhung khong gi6i han &, cac
polyme dd dugc cong nhén trong linh vuc k¥ thuét nay ma 1a hitu dung lam
cac chit nén dung cho mit, nhu cac nhyua quang hoc hitu co ma da dugc s
dung dé& san xuét trong céc vat dic quang hoc dbi véi cac tmg dung quang

hoc, nhu ding cho kinh mit.
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Cac vi du khong gidi han khac vé cac vat liéu hitu co thich hop dé
dung trong viéc tao ra chét nén cua cac vat dung ddi mau theo anh sang theo
sang ché bao gém ca vét liéu hitu co ty nhién va téng hop, bao gdm ma khéng
giéi han: cac vat liu polyme trong subt hoic md duc, cic san phém dét tu

nhién va tong hop, va cac vat liéu nhua xenluloza nhu, gidy va gd.

Céc vi du khdng gidi han vé cac vat liéu vo co thich hop dé dung
trong vi€c tao ra chét nén cua cac vat dung dbi mau theo anh sang theo sang
ché bao gdm thiy tinh, khoang chét, gém, va kim loai. Vi du, trong mot
phuong 4n khong giéi han chét nén c6 thé bao gdm thuy tinh. Trong cac
phuong 4n khong giéi han khac, chit nén c6 thé c6 bé mat phan chiéu, vi dy,
chét nén gém dugc danh boéng, chét nén kim loai, hodc chit nén khoang.
Trong cac phuwong 4n khong gi¢i han khéc, 16p phu phan chiéu hodc 16p c6 thé
duoc két tia hoac néu khong thi dugc phu lén bé mit ciia chét nén vo co hodc
hitu co dé tao cho 16p phit @6 phan chiéu hoic dé nang cao d6 phan chiéu cua

16p phu.

Ngoai ra, theo cac phuong 4n khong gi6i han nhat dinh dugc boc 10
trong ban md ta nay, chit nén c6 thé c6 16p pha bao vé, nhu, nhung khéng
gi6i han &, 16p phit chéng mai mon, nhu “16p phu cing”, trén cic bé mit bén
ngodi ctia né. Vi du, cac chét nén dung cho kinh mét polycacbonat déo nhiét
c6 sin trén thi truong thudng duge ban véi 16p pht chéng mai mon da dugc
phti sin trén bé mit ngoai cia né bdi vi cac bé mit nay c6 xu hudng dé bi trdy
xudc, mai mon hodc 1am mon. Vi du vé chét nén ding cho thiu kinh nay 1a
théu kinh polycacbonat GENTEX™ (c6 sin tir Gentex Optics). Do d6, nhu
dugc st dung trong ban md ta nay, thuat ngit “chit nén” bao gdm chét nén c6
16p phit bao vé, nhu nhung khong gi6i han & 16p phu chéng mai mon, trén
(c4c) bé mit cua no.

Hon nita, cht nén cua vat dung d6i mau theo 4nh sang theo sang ché
6 thé 1a cac chit nén khong dugc nhudm mau, dugc nhudm mau, phén cuc
tuyén tinh, phén cuc tudn hoan, phén cuc elip, dbi mau theo anh sadng, hodc

dbi mau theo anh sang dugc nhudm mau. Nhu duge sir dung trong ban mo ta
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ndy véi su tham chiéu dén cac chit nén, thuat ngit “khong dugc nhudém mau”
c6 nghia 13 cac chit nén ma vé co ban 1a khong c6 chit tao mau bd sung (nhu,
nhung khong gi6i han &, thudc nhudm thong thuong) va c6 quang phd hép thu
dbi voi birc xa nhin thdy dugc ma khéng thay ddi dang ké dé dap ung t6i birc
xa quang héa. Ngoai ra, vdi su tham chiéu dén cac chét nén, thuat ngit “duoc
nhuém mau” c6 nghia 1a cic chdt nén ma c6 chédt tao mau bd sung (nhu,
nhung khoéng gi6i han &, thubc nhudém théng thudng) va quang phd hép thu
d6i voi birc xa nhin thdy dugc ma khéng thay ddi dang ké dé dap ung t6i birc

xa quang hda.

Nhu dugc sir dung trong ban md ta ndy, thuét ngit “phén cuc tuyén
tinh” dung dé chi chat nén c6 nghia 13 cac chét nén ma duge thich hop vai bic
xa phén cuc tuyén tinh. Nhu dugc sir dung trong ban mé ta nay, thuat ngit
“phan cuc tudn hoan” ding dé chi chit nén c6 nghia 13 cac chit nén ma dugc
thich hgp véi buc xa phan cuc tudn hoan. Nhu dugc st dung trong ban md ta
ndy, thuét ngit “phan cuc elip” dung d& chi chit nén c6 nghia 1a cac chét nén
ma dugc thich hop véi bire xa phén cuc elip. Nhu duge sir dung trong ban md
ta nay thuat ngit “d6i mau theo anh sang” dung dé chi chét nén c6 nghia 14 cac
chét nén c6 quang phd hip thu dbi véi birc xa nhin thdy dwgc ma thay dbi
trong dap ing dén it nhit birc xa quang héa. Ngoai ra, nhu dwgc sir dung trong
ban mo tad nay dung dé chi chit nén, thuat ngt “dugc nhudm mau-ddi mau
theo 4nh sang” c6 nghia 1a cic chit nén chira chit tao mau bd sung ciing nhu
vét liéu d6i mau theo 4nh sang, va c6 quang phd hip thu ddi véi birc xa nhin
thdy dugc ma thay dbi trong dap ung dén it nhit birc xa quang héa. Do d6, vi
du va ma khong giéi han, chit nén dugc nhudém mau-ddi mau theo anh sang
c6 thé c6 dic tinh mau tha nhat caa chit tao mau va dic tinh mau tht hai coa
su két hop cua chit tao mau vat liéu ddi mau theo 4nh sang khi tiép xtc véi

birc xa quang hda.

Cac vat dung db6i mau theo 4anh sing theo sing ché bao gdm 16p
ludng sdc d6i mau theo anh sang ma con bao gdbm hgp chat ludng sic d6i mau

theo 4nh sang. Lép ludng sic ddi mau theo 4nh sang cé thé, trong mot sb
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phuong 4n, 14 khong phan cuc & trang thai thi nhét (d6 13, 16p pha s& khong
gi6i han cdc rung dong clia vecto dién cua séng anh sang dén mot hudng), va
12 phan cuc tuyén tinh & trang thai thir hai ding d& chi buc xa dwgc truyén.
Nhu dugc st dung trong ban mo ta nay, thuat ngit “birc xa dugc truyén” dung
dé chi btrc xa ma di qua it nhit mét phin cua dbi twgng. Mic du khong gidi
han & day, buc xa dugc truyén c6 thé 13 blrc xa cuc tim, birc xa nhin théy
duoc, buc xa héng ngoai, hoic su két hop cda ching. Do dé, theo cac phuong
an khong giéi han khac nhau duge bdc 19 trong ban mo ta nay, 16p ludng sic
d6i mau theo anh sang c6 thé 1a khong phan cuc & trang thai thir nhit va buc
xa cuc tim dugc truyén phéan cuc tuyén tinh, brc xa nhin théy duoc duoc

truyén, hodc su két hop ctia ching & trang thai thir hai.

Theo céc phuong an khdng gidi han khac nita, 16p ludng sic dbi mau
theo 4nh sang c6 thé c6 quang phd hédp thu tht nhit ¢ trang thai thir nhét,
quang phd hip thu thtr hai ¢ trang thai tht hai, va c6 thé 1a phan cuc tuyén

tinh trong ca trang thai thir nhat va trang thai tht hai.

Véi mot s phuong 4n, 16p ludng sic ddi mau theo 4anh sang c6 thé
c6 toc do hép thu trung binh it nhét 1,5 trong it nhat mot trang théi. V6i mot
s6 phuong an khac, 16p ludng sic ddi mau theo 4nh sang c6 thé c6 tbc do hap
thu trung binh khoang tir it nhat 1,5 d¢én 50 (ho#c 16n hon) trong it nhit mot
trang thai. Thuat ngit “tdc do hip thu” dung dé chi tdc d6 d6 hip thu cua buc
xa dugc phén cuc tuyén tinh trong mit phing thit nhit dén d6 hép thu cua birc
xa dugc phan cuc tuyén tinh trong mit phing truc giao véi mit phing thu
nhét, trong d6 mit phing thtr nhit dugc coi 1a mit phing voi ¢6 hip thu cao
nhéit. Do d6, tc do hép thu (va téc do hép thu trung binh ma dugc md ta dudi
day) 1a chi béo cho thdy d6 manh mot trong hai thanh phin phan cuc phing
truc giao cla burc xa dugc hép thu bai dbi tuong hodc vat liéu.

Tbc d6 hép thu trung binh cua 16p ludng sic ddi mau theo 4nh séng
ma bao gdm hop chit ludng sic ddi mau theo anh sang c6 thé dugc xac dinh
nhu dugc thé hién dudi ddy. Vi du, d x4c dinh téc 6 hip thu trung binh cua

16p ludng sic d6i mau theo 4nh sdng ma bao gdm hop chit ludng sic d6i mau
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theo 4nh sang, chét nén c6 16p phu dwgc bd tri trén giad quang hoc va 16p phu
dugc dit & trang thai phan cuc tuyén tinh bing cach kich hoat hop chit ludng
sdc d6i mau theo anh sang. Su kich hoat dat dugc bang cach tiép xuc 16p phu
véi birc xa UV trong thoi gian du dé dat dén trang thai bdo hoa hoic gin bio
hoa (d6 13, trang thai trong d6 cac tinh chét hép thu cua 16p phu gin nhu
khong thay ddi trong subt khoang thoi gian ma phép do dugc thuc hién). Céc
phép do do hép thu dugc thuc hién trén khoang thoi gian (thuong 10 dén 300
gidy) & 3 gidy ddi véi anh sang ma dugc phan cuc tuyén tinh trong mat phing
vudng géc véi gia quang hoc (tham chiéu dén mit phing hodc huéng phan
cuc 0°) va anh sang ma dugc phan cuc tuyén tinh trong mit phing ma song
song v6i gid quang hoc (tham chiéu dén mit phing hoic huéng phan cuc 90°)
theo trinh tu sau: 0°, 90°, 90°, 0° v.v.. Pd hép thu cta &nh sdng dugc phén cuc
tuyén tinh bang 16p phu dugc do tai mdi thoi diém ddi vai tit ca cac bude
song dugc thir nghiém va d6 hép thu khong duoc kich hoat (vi du, d6 hép thu
cua 16p phu & trang théai khong dugce kich hoat) trén cung khoang gia tri cua
cac bude séng duge trir di dé thu duge phd hép thu d6i véi 16p phu & trang
thai duoc kich hoat trong mdi mat phéng phén cuc 0° va 90° dé thu dugc
quang phd hép thu khac nhau trung binh trong mdi mit phéng phan cuc d6i

véi 16p pht & trang thai bio hoa hodc gin bio hoa.

Vi dy, véi sy tham chiéu dén FIG. 2, & day thé hién quang phd hip
thu khac nhau trung binh (thuong dugc ky hiéu 4) trong mét mit phing phan
cuc ma thu dugc ddi voi 16p ludng sic ddi mau theo &nh sing theo mot
phuong 4n khong giéi han dugc boc 16 trong ban md ta nay. Quang phd hép
thu trung binh (thudng duoc ky hiéu 3) 12 quang phd hip thu khac nhau trung
binh thu dwoc d8i v&i cing 16p ludng sic d6i mau theo 4nh sang trong mit
phing phén cuc truc giao.

Duya trén phd hip thu khac nhau trung binh thu dugc ddi véi 16p
ludng séc ddi mau theo 4nh sang, tbc @6 hép thu trung binh dbi véi 16p ludng
sic ddi mau theo anh sang thu dugc dudi day. Tdc d6 hép thu cta 16p ludng

sdc d6i mau theo 4nh sang & mdi budc séng trong khoang x4ac dinh truée clia
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céac budc séng tuong ing v&i Amax-vis +/- 5 nano mét (thudong d&qc ky hi¢ula 5
trong FIG. 2), trong d6 Amax-vis 12 budc séng ma & d6 16p phu cé dd hip thu
trung binh cao nhét trong mit phing bat ky, duoc tinh toan theo phuong trinh
sau day (Phuong trinh. 1):

ARy= Abhi/Ab% Phuong trinh 1

Véi su tham chiéu dén Phuong trinh 1, ARy la tbc do hép thu & bude song Ai, Abhi
1a d hip thu trung binh & budc song i theo huéng phan cuc (vi dy, 0° hodc 90°) c6
do hép thu cao hon, va Ab%,;1a 46 h?’lp thu trung binh & budc séng A theo hudng
phén cyc con lai. Nhu thdo luan & trén, “tbc do hép thu” dung dé chi téc do do hép
thu ctia buc xa dugce phan cuc tuyén tinh trong mat phéng thtr nhét so voi do hép
thu cua burc xa duge phén cuc tuyén tinh cé cung d§ dai budc séng trong mat phﬁng
truc giao véi mit phing thir nhét, trong d6 mit phing thir nhit dwoc coi 1a mit

phing vé6i d6 hdp thu cao nhit.

Téc d6 hap thy trung binh (“AR”) dbi véi 16p ludng sic d6i mau theo
anh sang sau d6 dugc tinh toan bing cach l4y trung binh cac téc d6 hép thu
riéng trén khoang x4c dinh trudc cla cac budc séng (vi du, Amax-vis +/- 5 nano

mét) theo phuong trinh sau day (Phuong trinh 2):
AR= (AAR)/ ni Phuong trinh 2

V6i sy tham chiéu dén Phuong trinh 2, AR 13 t5c d6 hip thu trung binh déi véi 16p
phi, ARy 14 cac tdc d6 hép thu riéng (nhw dugc x4c dinh trén Phuong trinh 1) ddi
v6i mbi bude séng nim trong khoang xac dinh trudc ciia cic budc séng, va nila sé
cac téc do hip thu riéng duoc tinh trung binh. Phin mo ta chi tiét hon vé phuong
phép @& x4c dinh tbc d6 hdp thu trung binh dugc cung cdp trong phin Vi du ctia
Béng sang ché Hoa Ky sb 7,256,921 & cot 102, dong 38 dén cot 103, dong 15, phin
boc 16 duge két hop cu thé & day béng cach tham chiéu.

Véi mét sb phwong 4n, hop chéit ludng sic ddi mau theo 4nh sang cla
16p ludng séc ddi mau theo anh sang c6 thé dugc sip xép thing hang it nhét
theo phan. Nhu thao luan & trén, thuat ngit “ludng sdc d6i mau theo anh sang”

c6 nghia 12 hién thi ca tinh chit ddi mau theo 4nh sang va tinh chét ludng sic
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(vi du, phén cuc tuyén tinh) duéi cac didu kién nhét dinh, ma cac tinh chét it
nhét c6 thé phat hién bang thiét bi do dac. Theo d6, “cac hop chét ludng sic
d6i mau theo 4nh sang” 1a cac hop chit hién thi ca tinh chit d6i mau theo anh
sang va tinh chét ludng sic (vi dy, phin cuc tuyén tinh) dudi cac didu kién
nhét dinh, ma céc tinh chét it nhit c6 thé phat hién bang thiét bi do dac. Do
d6, cac hop chét ludng sic d6i mau theo 4nh sang c6 quang phd hip thu débi
v6i it nhat birc xa nhin thiy duoc ma thay ddi trong dap ung dén it nhit buc
xa quang hoéa va c6 kha niang hip thu mot trong hai thanh phan phén cuc
phéng tryc giao cua it nhét buc xa duoc truyén manh hon so v&i birc xa khéc.
Ngoai ra, nhu dbi véi cac hop chit ddi mau theo 4nh sang thong thudng thao
luén & trén, cac hop chét ludng sdc d6i mau theo anh sang dugc bodc 19 trong
ban mé ta nay c6 thé 1a thuan nghich vé& nhiét. P6 13, cac hop chit ludng sic
d61 mau theo 4nh sang c6 thé chuyén tir trang thai thi nhit sang trang thai thu
hai d& dap ung t6i birc xa quang héa va quay trd lai trang thai thir nhat dé dap
ung t&i nang lugng nhi¢t. Nhu duge st dung trong ban mo ta nay, thuéat ngit
“hgp ch4t” c6 nghia 1a chit nén dugc tao ra bing sw két hop ciia hai hoic
nhidu yéu t8, hop phin, thanh phan, hoic phin va bao gdm, ma khong giéi
han, cac phan tir va cac dai phan tir (vi du cac polyme va céc oligome) tao ra

bang su két hop cta hai hogc nhiéu yéu t6, hop phén, thanh phén, hoic phan.

Vi duy, 16p ludng sic d6i mau theo 4nh sang c6 thé c6 trang thai thu
nhit c6 quang phd hip thu thi nhét, trang thai thir hai c6 quang phd hip thy
tht hai ma khac v6i quang phd hép thu thu nhit, va c6 thé dugc thich ing dé
chuyén tir trang thai thir nhét sang trang thai thi hai dé dap Gng t6i it nhét buc
xa quang hoéa va dé& quay trd lai trang thai th nhit ¢ dép tng t6i ning lugng
nhiét. Ngoai ra, hop chét ludng sic d6i mau theo 4nh sang c6 thé 13 ludng sdc
(vi du, phén cuc tuyén tinh) trong mot hodic ca hai trang thai thu nhét va trang
thai th hai. Vi du, mdc du khong duge yéu cau, hop chit ludng sic db6i mau
theo 4nh sang c6 thé 1a phan cuc tuyén tinh & trang thai dugc kich hoat va
khong phan cuc & trang thai mat mau hodc phai mau (vi dy, trang thai khong
dugc kich hoat). Nhu dugc sir dung trong ban md ta nay, thuat ngit “trang thai

dwoc kich hoat” dung dé chi hop chét ludng sic ddi mau theo 4nh séng khi
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tiép xuc véi buc xa quang hoéa du d& gdy ra it nhdt mét phin cta hop chét
ludng sic ddi mau theo 4nh sang dé chuyén tr trang thai thir nhét sang trang
théai tht hai. Ngoai ra, mdc du khong dugc yéu cau, hgp chét ludng séc ddi
mau theo 4nh sing c6 thé ludng sic trong ca trang thai thir nhit va trang thai
thtt hai. Trong khi khong gidi han trong ban mé ta nay, vi dy, hop chéit ludng
sic d6i mau theo 4nh sang c6 thé 1a birc xa nhin thdy duoc phan cuc tuyén
tinh trong ca trang théi dugc kich hoat va trang thai bi mét mau. Ngoai ra, hgp
chét ludng séc ddi mau theo anh sang c6 thé 13 blrc xa nhin thdy dugc phan
cuc tuyén tinh & trang thai dugc kich hoat, va co thé 1a buc xa UV phén cuc

tuyén tinh & trang thai bj mat mau.

Mic du khong dugc yéu cadu, theo cic phuong 4n khong gidi han
khac nhau dugc bdc 19 trong ban mo ta nay, hop chat ludng sic dbi mau theo
anh sang cua 16p ludng sic d6i mau theo 4nh sang cé thé cé téc do hip thu
trung binh it nhit 1,5 & trang thai dugc kich hoat nhu dugc xac dinh theo
phuong phap CELL. Theo cac phuong 4n khong giéi han khac dugce boc 10
trong ban mé ta nay, it nhdt mot hop chit ludng sic ddi mau theo anh séng c6
thé c6 tdc dd hip thu trung binh 16n hon 2,3 & trang thai dugc kich hoat nhu
duge xac dinh theo phuwong phap CELL. Theo cédc phuong 4n khong gidi han
khac nita, hop chit ludng séc ddi mau theo 4nh sang dwgc sip xép thing hang
it nhat theo phin cua 16p ludng sic ddi mau theo 4nh sing cé thé co tde do
hép thu trung binh khoang tir tur 1,5 dén 50 & trang thai duoc kich hoat nhu
dugc x4c dinh theo phuong phap CELL. Theo cédc phuong 4n khong gidi han
khac, hop chét ludng sic ddi mau theo anh sing dugc sip xép thing hang it
nhit theo phan cua 16p ludng sic ddi mau theo anh sang c6 thé c6 tdc d6 hip
thy trung binh khodang tir 4 dén 20, c6 thé con c6 tbc dd hép thu trung binh
khoang tir 3 dén 30, va c6 thé vin con c6 tdc do hip thu trung binh khoang tir
2,5 dén 50 & trang thai dwgc kich hoat nhu dugce xac dinh theo phuong phéap
CELL. Cu thé hon, tuy nhién, tdc do hép thu trung binh cua hop chét ludng
sic @8 mau theo anh sang duoc sip xép thing hang it nhit theo phan c6 thé 13
tdc dd hip thu trung binh b4t ky ma da dé dua cac tinh chit mong mubn vao

vat dung ddi mau theo anh sang theo sang ché. Cic vi du khong gi6i han vé
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cac hop chét ludng sic ddi mau theo 4nh sang thich hop dwoc mé ta cu thé

dudi day trong ban mo ta nay.

Phuong phap CELL METHOD @é x4c dinh téc d6 hép thu trung binh
* ctia hop chét ludng sic ddi mau theo 4nh séng v& co ban 1a gibéng véi phuong
phép duge st dung dé xac dinh téc d6 hép thu trung binh cta 16p ludng sic
d6i mau theo anh sang, trir khi, thay vi do do hip thu cua chét nén dugc phu,
tap hop pin chtta vat lidu tinh thé long dugc sip xép thing hang va hop chét
ludng sic ddi mau theo 4nh sang dugc thir nghiém. Déc biét hon, tdp hgp pin
bao g(‘Sm hai chit nén thuy tinh d61 nhau ma dugc dit cach nhau 20 micro mét
+/- 1 micro mét. Cac chét nén dugc bit kin doc theo hai canh d6i nhau dé tao
ra pin. B& mit bén trong ctia mdi trong sé cac chit nén thuy tinh dugc phu véi
16p phu polymit, bé mit ctia ching duge sép xép it nhét theo phan bing cach
co x4t. Su sép xép thing hang cta hop chét luong sic ddi mau theo anh sang
dat dugc bing cach dua hop chit ludng sic dbi mau theo anh sang va moi
trudng tinh thé 16ng vao tap hop pin, va cho méi trudng tinh thé 16ng dwgc sip
xép théng hang véi bé mit polymit dugc co xat. Mot khi méi truong tinh thé
16ng va hop chét ludng sic ddi mau theo anh sang dugc sip xép thing hang,
tap hop pin dugc dit trén gid quang hoc (ma dwgc md ta chi tiét trong phan Vi
du thuc hién sang ché) va tbc do hép thy trung binh dugc do bﬁng cach da
dugc md ta & trén d6i voi cac chit nén dugc phu, trir khi d6 hép thu khong
duogc kich hoat cua tdp hop pin dugc trir di tir d6 hép thu dugc kich hoat dé
thu dugc phd hap thu khac nhau trung binh.

Nhu théo luén & trén, trong khi céc hop chét ludng sic c6 kha nang
hép thu vu tién mot trong hai thanh phén truc giao cua anh sang phéan cuc theo
mat phéng, n6 thuodong can thiét dugc dit vi tri thich hgp hodc sép xép cac
phén tir cia hop chat ludng sic @& thu duoc hiéu qua phén cuc tuyén tinh
mang. Mgt cach tuong ty, né thudng can thiét duoc dit vi tri thich hop hodc
sap xép cac phan tir cia hop chit ludng sic d6i mau theo anh sang dé thu
dugc hiéu qud phéan cuc tuyén tinh mang. P6 14, né thuong cén thiét dé sa“'lp

xép thing hang cac phén tir cia hop chét ludng sic d6i mau theo 4nh sang sao
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cho truc dai cua cac phan tir cia hop chat ludng sic d6i mau theo anh sang &
trang thai dugc kich hoat thong thudng c6 song song véi nhau. Do d6, nhu
dugc thao luén & trén, theo cdc phuong &n khong gidi han khéc nhau dugce boc
16 trong ban mo ta nay, hop chét ludng sic dbi mau theo 4nh sing dugc sép
xép thing hang it nhit theo phan. Ngoai ra, néu trang thai duoc kich hoat cua
hop chit ludng sic ddi mau theo anh sang twong Ung véi trang thai ludng séc
cua vat liéu, hop chét ludng sdc dbi mau theo anh sang co thé duoc sép xép
thdng hang it nhét theo phan sao cho truc dai clia cac phan tir ciia hop chét
ludng sic ddi mau theo 4nh sing & trang thai dwgc kich hoat dugc sép xép
thdng hang. Nhu dugc sir dung trong ban mé ta nay, thuat ngit “sép xép thing
hang” c6 nghia 1a & dua vao sy sip xép hodc vi tri thich hop bang su twong

tac véi vat liéu, hop chét hoic két cAu khéc.

Ngoai ra, mic du khong giéi han & day, 16p ludng sic d6i mau theo
4nh sang cua vat dung ddi mau theo anh sang theo sang ché c6 thé bao gém
nhiéu hop chét ludng sic ddi mau theo 4nh sang. Mic du khong gi6i han &
day, khi hai hodc nhiéu hop chét ludng sdc ddi mau theo anh sang dugc su
dung trong t& hop, cac hop chit ludng sic ddi mau theo 4anh sang c6 thé dugc
chon d& bd sung mdt hop chét khac d& san xult mau hoic mau séc mong
mudn. Vi du, cac hdn hop cia cic hop chit ludng sic ddi mau theo anh sing
¢6 thé dugc dung theo cic phuong 4n khong gisi han nhét dinh dugc boc 16
trong badn mo ta nay dé dat dugc cadc mau dugc kich hoat nhat dinh, nhu g?m
nhu mau x4m trung tinh hodc gin nhu mau niu trung tinh. Xem, vi dy, Bing
sang ché Hoa Ky s6 5,645,767, cot 12, dong 66 dén cot 13, dong 19, phéan boc
16 ma dugc két hop cu thé & day béng cach tham chiéu, ma mé ta cac thong sb
ma xac dinh cdc mau niu va xam trung tinh. Ngoai ra hodc theo cach khéc,
16p phu it nhét theo phén c6 thé bao gdm cac hdn hop ciia cac hop chét ludng
sic ddi mau theo 4nh sang cé céc trang thai phan cuc tuyén tinh bb sung. Vi
du, cac hop chét ludng sic dbi mau theo 4nh sang c6 thé dwgc chon dé c6 céc
trang thai phan cuc tuyén tinh bd sung & trén khoang mong mudn cua cic
budc séng dé san xut thanh phin quang hoc ma cé kha ning phan cuc anh

sang ¢ trén khoang mong mudn cud céc budc séng. Hon nita, cadc hon hop cua
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cac hop chit ludng sic ddi mau theo 4nh sang bd sung vé co ban 1a ¢6 cing
céc trang thai phan cuc & ciing cac budc séng c6 thé duge chon dé cing cd
hodc nang cao dé thu dugc su phén cuc tuyén tinh toan bd. Vi du, theo mot
phuong an khong giéi han, 16p ludng sic ddi mau theo anh sang c6 thé bao
gdm it nhit hai hop chit ludng sic d6i mau theo anh sang dwgc sip xép thing
hang it nhit theo phin, trong d6 mbi cac hop chét ludng séc ddi mau theo anh
sang dugc sdp xép thing hang it nhét theo phin c6: mau bd sung; va/hoic cac

trang thai phan cuc tuyén tinh bd sung.

Lop ludng sic db6i mau theo anh sang c6 thé con bao gdm it nhit mot
chét phu gia ma co thé tao diéu kién thudn lgi mdt hodc nhiéu cua qua trinh,
cac tinh chét, hodc su hoat dong cua 16p phu it nhét theo phﬁn. Cac vi du
khong gidi han v& cic chét phu gia nay bao gdm thubc nhudm, chét xuc tac
sap xép thang hang, chét phu gia 1am ting dong luc, chat khoi mao quang hoc,
chit khoi mao nhiét hoc, chét wrc ché polyme héa, dung méi, chét 6n dinh anh
sang (nhu, nhung khong gi6i han &, chét hip thyu 4nh sang cuc tim va chét én
dinh 4nh sang, nhu chit &n dinh 4nh sang amin gy trd ngai (HALS)), chit 6n
dinh nhiét, chét giai phong khuon, chét kiém soat luu bién hoc, chit lam déu
mau (nhu, nhung khong gi6i han ¢, chit hoat dong bé mait), chit loai bo gbc

ty do, va chét xuc tdc bam dinh (nhu hexandiol diacrylat va cac chit bét cap).

Céc vi du v& thudc nhudm ma c6 thé cé6 mat trong 16p ludng sic ddi
mau theo 4nh séng bao gdm, nhung khong giéi han &, thuéc nhuém hitu co ma
c¢6 kha nang truyén mau mong mudn hoic tinh chit quang hoc khac dén 16p

ludng séc d¢6i mau theo 4nh sang.

Nhu dugce st dung trong ban mo ta nay, thuét ngi “chét xuc tac sip
xép thdng hang” c6 nghia 13 chit phu gia ma c6 thé tao diéu kién thuén loi it
nhit mot cua tbc do va tinh ddng nhit cta sy sip xép thing hang cua vat licu
dén chit ma né dugc bd sung vao. Cac vi du khong gidi han vé chit xuc tac
sip xép thang hang ma c6 thé c6 mit trong 16p ludng séc d6i mau theo anh

sang bao gdm, nhung khong giéi han &, cac chét duge md ta trong Bing sang
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ché Hoa Ky s6 6,338,808 va Cong bb don sang ché Hoa Ky s6 2002/0039627,

ma duoc két hop cu thé & day bﬁng cach tham chiéu.

Céc vi du khdng gidi han vé chét phu gia lam tdng dong lyc ma co
thé c6 mat trong céac 16p khéc nhau cia vat dung d8i mau theo anh séang theo
sang ché, nhu 16p ludng sic dbi mau theo anh séng, bao gdm cac hop chét
chira epoxy, cc polyol hitu co, va/hodc cac chit 1am mém déo. Céac vi du cu
thé hon vé chét phu gia 1am ting dong luc nay dugc boc 16 trong Bing sang
ché Hoa Ky s6 6,433,043 va Cong bd don sang ché Hoa Ky s6 2003/0045612,

ma duoc két hop cu thé & ddy bang cach tham chiéu.

Cac vi du khong giéi han vé chit khoi mao quang hoc ma c6 thé cé
mit trong céc 16p khac nhau cia vat dung d6i mau theo anh sang theo séng
ché, nhu 16p 16t, 16p ludng sic d6i mau theo anh sang, va/hodc 16p phu trén
cliing, bao gdm, nhung khong gidi han &, chit khoi mao quang hoc loai dé tach
va chéit khoi mao quang hoc loai dé chiét. Cac vi du khong gidi han vé chét
khoi mao quang hoc loai d& tach bao gdm axetophenon, a-aminoalkylphenon,
benzoin ete, benzoyl oxim, axylphosphin oxit va bisaxylphosphin oxit hodc
cac hdn hop cia céc chit khoi mao nay. Vi du d3 thuong mai vé chét khoi
mao quang hoc nay 13 DAROCURE® 4265, ma c6 sin ctia Ciba Chemicals,
Inc. Céc vi du khong giéi han vé chit khoi mao quang hoc loai d& chiét bao
gdm  benzophenon, Michler’s keton, thioxanthon, anthraquinon,
camphorquinon, flon, ketocoumarin hodc cac hdn hop ciia cac chit khoi mao
nay.

Vi du khong gidi han khac vé chit khoi mao quang hoc ma cé thé c6
mét trong mot hodc nhiéu 16p cia vat dung dbi mau theo 4nh sang theo sang
ché, nhu 16p 16t, 16p ludng sic d6i mau theo 4nh séng, va/hodc 16p phu trén
cung, 12 chét khoi mao quang hoc 4nh sang nhin thdy duge. Cac vi du khong
gi6i han vé chét khoi mao quang hoc 4nh sang nhin thdy dugc thich hop duoc
néu & cot 12, dong 11 dén cot 13, dong 21 cia Bing sing ché Hoa Ky sb

6,602,603, ma dugc két hop cu thé & ddy bang cach tham chiéu.
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Céc vi du vé chit khoi mao nhiét hoc bao gém, nhung khong gidi han
&, cac hop chét peroxy hitu co va cac hop chét azobis(organonitril). Cac vi du
vé cac hop chét peroxy hitu co ma 12 hitu dung 1am chét khoi mao nhiét hoc
bao gdm, nhung khéng giéi han &, peroxymonocacbonat este, nhu
tertiarybutylperoxy isopropyl cacbonat; peroxydicacbonat este, nhu di(2-
etylhexyl) peroxydicacbonat, di(butyl béac hai) peroxydicacbonat va
diisopropylperoxydicacbonat; diacyperoxit, nhu 2,4-diclobenzoyl peroxit,
isobutyryl peroxit, decanoyl peroxit, lauroyl peroxit, propionyl peroxit, axetyl
peroxit, benzoyl peroxit va p-clobenzoyl peroxit; peroxyeste nhu t-
butylperoxy pivalat, t-butylperoxy octylat va t-butylperoxyisobutyrate;
metyletylketon peroxit, va axetylxyclohexan sulfonyl peroxit. Trong mot
phuong an khong gidi han chét khoi mao nhiét hoc dugc su dung la cac chét
khéng lam phai mau polymerizat thu dugc. Céc vi du vé cac hop chét
azobis(organonitril) ma c¢6 thé dugc dung 1am chét khoi mao nhiét hoc bao
gdm, nhung khéng giéi han &, azobis(isobutyronitril), azobis(2,4-

dimetylvaleronitril) hosc hdn hop ciia ching.

Céc vi du vé chét trc ché polyme hoa bao gdm, nhung khong gi6i han
&: nitrobenzen, 1,3,5,-trinitrobenzen, p-benzoquinon, chloranil, DPPH, FeCls,
CuCl;, oxy, lwu huynh, anilin, phenol, p-dihydroxybenzen, 1,2,3-
trihydroxybenzen, va 2,4,6-trimetylphenol.

Céac vi du vé dung mo6i ma cé thé c6 mat trong su tao ra cac 16p khac
nhau cta cac vat dung dbi mau theo anh sang theo sang ché, nhu 16p 16t, 16p
ludng sic d6i mau theo anh sang, va/hoic 16p pha trén cling, bao gbm, nhung
khong gidi han &, cac dung moi ma s& hoa tan cac hgp phan rén cia 16p phu,
ma tuong thich voi 16p pha va cac thanh phin va cac chét nén, va/hodc c6 thé
bao dam sy bao phu ddng nhét ciia (cac) bé mit bén ngoai 1én céc 16p ma 16p
phu duoc phu 18n. Cac vi du v& dung méi bao gdm, nhung khong gisi han 4,
cac dung mdi sau day: propylen glycol monometyl ete axetat va cac din xuét
clia ching (dugc ban trén thi truong dudi nhan hiéu dung modi cong nghiép

DOWANOL®), axeton, amyl propionat, anisol, benzen, butyl axetat,
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xyclohexan, dialkyl ete clia etylen glycol, ching han, dietylen glycol dimetyl
ete va cac dan xuit clia chiing (dwgc bén trén thi trudng dudi nhan hiéu dung
mdi cong nghiép CELLOSOLVE®), dietylen glycol dibenzoat, dimetyl
sulfoxit, dimetyl formamit, dimetoxybenzen, etyl axetat, ruwgu isopropyl,
metyl xyclohexanon, xyclopentanon, metyl etyl keton, metyl isobutyl keton,
metyl propionat, propylen cacbonat, tetrahydrofuran, toluen, xylen, 2-

metoxyetyl ete, 3-propylen glycol metyl ete, va hdn hgp ciia ching.

Trong phuong 4n khong giéi han khac, 16p ludng sic d6i mau theo
anh sang c6 thé bao gdm it nhit mot hop chét ludng sic thong thudng. Cac vi
du vé céc hop chét ludng sic théng thuong thich hop bao gdm, nhung khong
gi6i han &, azometin, indigoit, thioindigoit, meroxyanin, indan, thudc nhudm
quinophtalonic, perylen, phtaloperin, triphenodioxazin, indoloquinoxalin,
imidazo-triazin, tetrazin, thuéc nhudm azo va (poly)azo, benzoquinon,
naphtoquinon, anthroquinon va (poly)anthroquinon, anthropyrimidinon, iodin
va iodat. Trong phuong an khong gi6i han khac, vt lidu ludng sic c6 thé bao
gdm it nhat mot nhém chirc phan ng ma c6 kha ning tao ra it nhit mot lién
két cong hoéa tri voi cac vat lidu khac. Véi mot sb phuong an, vat liéu ludng
sdc c6 thé 1a hop chét ludng séc c6 thé polyme hoéa. Do d6, vat lidu ludng sic
c6 thé bao gdm it nhat mot nhém ma cé kha ning dugc polyme héa (vi du,
“nhém c6 thé polyme héa”). Vi du, miic du khong gidi han & ddy, trong mot
phuong 4n khdng gi6i han, hop chit ludng séc ¢6 thé c6 it nhdt mot nhom thé
alkoxy, polyalkoxy, alkyl, hodc polyalkyl két thic véi it nhit mot nhém c6 thé

polyme hda.

Véi mot s6 phuong an, 16p ludng sic d6i mau theo anh sang c6 thé
bao gdm it nhat mot hop chit ddi mau theo 4nh sang thong thuong. Nhu duge
sit dung trong ban mé ta nay, thudt ngit “hop chit ddi mau theo 4nh sing
thong thudng” bao gdm ca cac hop chat dbi mau theo anh sang thuan nghich
vé nhiét va khong thuén nghich vé nhiét (hoic thuén nghich vé anh). Nhin
chung, mic du khong giéi han & day, khi hai hodc nhiéu vat lidu ddi mau theo

4anh sang théng thudong duge st dung trong td hop véi vat lidu khac hodc véi
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hop chét ludng sdc ddi mau theo anh sang, cac vat liéu khac nhau c6 thé dugc
chon dé bd sung mdt vat li€u khéc dé san xuét mau hodc mau sic mong mudn.
Vi dy, cac hdn hop cia céc hop chit dbi mau theo anh sang c6 thé dugc dung
theo cac phuong 4n khong giéi han nhat dinh duge bdc 16 trong ban mo ta nay
dé dat dwoc cac mau dugce kich hoat nhit dinh, nhu gén nhu mau xam trung
tinh hodc gin nhu mau niu trung tinh. Xem, vi dy, Bing sang ché Hoa Ky s
5,645,767, cot 12, dong 66 dén cot 13, dong 19, phan bdc 16 ma duoc két hop
cu thé & day bang cach tham chidu, ma mo ta cac thong sb xac dinh cac mau
nau va xam trung tinh.

Theo mdt s phuong 4n, 16p ludng sic d6i mau theo anh sang khong
¢6 cac hop chit ddi mau theo 4nh sang thong thudng.

Lop ludng séc ddi mau theo anh sang c6 thé bao gdm mat hozic nhiéu
hop chét ludng sic d6i mau theo anh sang thich hop. Cac vi du vé cac hop
chit ludng sic d6i mau theo anh sang ma c6 thé dugc bao gdm trong 16p
ludng sic ddi mau theo 4nh sang cua cac vat dung d6i mau theo anh sang theo
sang ché bao gdm, nhung khong gidi han &, cac hop chit sau day:

(PCDC-1)  3-phenyl-3-(4-(4-(3-piperidin-4-yl-propyl)piperidino)phenyl)-13,13-
dimetyl-indeno[2’,3’:3,4]-naphto[1,2-b]pyran;

(PCDC-2) 3-phenyl-3-(4-(4-(3-(1-(2-hydroxyetyl)piperidin-4-
yl)propyl)piperidino)phenyl)-13,13-dimetyl-indeno[2’,3’:3,4|naphto[1,2-
b]pyran;

(PCDC-3) 3-phenyl-3-(4-(4-(4-butyl-phenylcarbamoyl)-piperidin-1-yl) phenyl)-
13,13-dimetyl-6-metoxy-7-(4-phenyl-piperazin-1-yl)indeno[2°,3°:3,4]
naphto[1,2-b]pyran;

(PCDC-4) 3-phenyl-3-(4-([1,4'|bipiperidinyl-1’-yl)phenyl)-13,13-dimetyl-6-
metoxy-7-([1,4']bipiperidinyl-1°-yl)indeno[2’,3’:3,4]naphto[1,2-b]pyran;

(PCDC-5) 3-phenyl-3-(4-(4-phenyl-piperazin-1-yl)phenyl)-13,13-dimetyl-6-
metoxy-7-(4-(4-hexylbenzoyloxy)-piperidin-1-yl)indeno[2’,3”:3,4]
naphto[1,2-b]pyran;
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(PCDC-6) 3-phenyl-3-(4-(4-phenyl-piperazin-1-yl)phenyl)-13,13-dimetyl-6-
metoxy-7-(4-(4"-octyloxy-biphenyl-4-cacbonyloxy)-piperidin-1-
yl)indeno([2’,3’:3,4]naphto[1,2-b]pyran;

(PCDC-7) 3-phenyl-3-(4-(4-phenyl-piperazin-1-yl)phenyl)-13,13-dimetyl-6-
metoxy-7-{4-[17-(1,5-dimetyl-hexyl)-10,13-dimetyl-
2,3,4,7,8,9,10,11,12,13,14,15,16,17-tetradecahydro-1H-
xyclopenta[a]phenanthren-3-yloxycacbonyloxy]-piperidin-1-yl}-
indeno[2°,3’:3,4]naphto[1,2-b]pyran;

(PCDC-8) 3-phenyl-3-(4-{4-[17-(1,5-dimetyl-hexyl)-10,13-dimetyl-
2,3,4,7,8,9,10,11,12,13,14,15,16,17-tetradecahydro-1H-
xyclopenta[a]phenanthren-3-yloxycacbonyloxy]-piperidin-1-yl}-phenyl)-
13,13-dimetyl-6-metoxy-7-{4-[17-(1,5-dimetyl-hexyl)-10,13-dimetyl-
2,3,4,7,8,9,10,11,12,13,14,15,16,17-tetradecahydro-1H-
xyclopenta[a]phenanthren-3-yloxycacbonyloxy]-piperidin-1-yl}-
)indeno[2°,3”:3,4]naphto[1,2-b]pyran;

(PCDC-9) 3-phenyl-3-(4-(4-phenylpiperazin-1-yl)phenyl)-13,13-dimetyl-6-
metoxy-7-(4-(4-(4'-octyloxy-biphenyl-4-cacbonyloxy)phenyl)piperazin-1-
ylindeno[2’,3’:3,4] naphto[1,2-b]pyran;

(PCDC-10) 3-phenyl-3-(4-(4-phenyl-piperazin-1-yl)phenyl)-13,13-dimetyl-6-
metoxy-7-(4-(4-(4-hexyloxyphenylcacbonyloxy)phenyl) piperazin-1-
yl)indeno[2°,3”:3,4]naphto[1,2-b]pyran;

(PCDC-11) 3-phenyl-3-(4-(4-phenyl-piperazin-1-yl)phenyl)-13,13-dimetyl-6-
metoxy-7-(4-(4-(4-(2-flobenzoyloxy)benzoyloxy)phenyl) piperazin-1-
yl)indeno[2°,3’:3,4]naphto[1,2-b]pyran;

(PCDC-12) 3-phenyl-3-(4-(pyrolidin-1-yl)phenyl)-13-hydroxy-13-etyl-6-metoxy-
7-(4-(4-(4-hexylbenzoyloxy)phenyl)piperazin-1-yl)indeno[2’,3°:3,4]
naphto[1,2-b]pyran;

(PCDC-13) 3-phenyl-3-(4-(pyrolidin-1-yl)phenyl)-13,13-dimetyl-6-metoxy-7-(4-
(4-hexylbenzoyloxy)benzoyloxy)-indeno[2’,3’:3,4]naphto[1,2-b]pyran;
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(PCDC-14) 3-phenyl-3-(4-(pyrolidin-1-yl)phenyl)-13,13-dimetyl-6-metoxy-7-(4-
(4-(4-hexylbenzoyloxy)benzoyloxy)benzoyloxy)indeno[2’,3’:3,4] naphto[1,2-
b]pyran;

(PCDC-15) 3-phenyl-3-(4-(4-metoxyphenyl)-piperazin-1-yl))phenyl)-13,13-
dimetyl-6-metoxy-7-(4-(4-(3-phenylprop-2-ynoyloxy)phenyl)piperazin-1-yl)-
indeno[2’,3°:3,4]naphto[1,2-b]pyran;

(PCDC-16)  3-(4-metoxyphenyl)-3-(4-(4-metoxyphenyl)piperazin-1-yl)phenyl)-
13-etyl-13-hydroxy-6-metoxy-7-(4-(4-(4-hexylbenzoyloxy)phenyl)piperazin-
1-yl)indeno[2’,3’:3,4]naphto[1,2-b]pyran;

(PCDC-17)  3-phenyl-3-{4-(pyrolidin-1-yl)phenyl)-13-[17-(1,5-dimetyl-hexyl)-
10,13-dimetyl-2,3,4,7,8,9,10,11,12,13,14,15,16,17-tetradecahydro-1H-
xyclopenta[a]phenanthren-3-yloxy]-13-etyl-6-metoxy-7-(4-[17-(1,5-dimetyl-
hexyl)-10,13-dimetyl-2,3,4,7,8,9,10,11,12,13,14,15,16,17-tetradecahydro-1H-
xyclopenta[a]phenanthren-3-yloxycacbonyloxy]-piperadin-1-yl)-
indeno[2’,3°:3,4]naphto[1,2-b]pyran;

(PCDC-18) 3-phenyl-3-(4-{4-[17-(1,5-dimetyl-hexyl)-10,13-dimetyl-
2,3,4,7,8,9,10,11,12,13,14,15,16,17-tetradecahydro-1H-
xyclopentala]phenanthren-3-yloxycacbonyloxy]-piperidin-1-yl}-phenyl)-13-
etyl-13-hydroxy-6-metoxy-7-{4-[17-(1,5-dimetyl-hexyl)-10,13-dimetyl-
2,3,4,7,8,9,10,11,12,13,14,15,16,17-tetradecahydro-1H-
xyclopenta[a]phenanthren-3-yloxycacbonyloxy]-piperidin-1-yl}-
)indeno[2°,3°:3,4]naphto[1,2-b]pyran;

(PCDC-19) 3-phenyl-3-{4-(pyrolidin-1-yl)phenyl)-13,13-dimetyl-6-metoxy-7-(4-
(4-(4-(3-phenyl-3-{4-(pyrolidin-1-yl)phenyl}-13,13-dimetyl-6-metoxy-
indeno[2’,3:3,4]naphto[1,2-b]pyran-7-yl)-piperadin-1-
yl)oxycacbonyl)phenyl)phenyl)cabonyloxy)-indeno[2°,3°:3,4]naphto[1,2-
b]pyran;

(PCDC-20) 3-{4-[4-(4-metoxy-phenyl)-piperazin-1-yl]-phenyl}-3-phenyl-7-
metoxycacbonyl-3H-naphto[2,1-b]pyran;
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(PCDC-21) 3-{4-[4-(4-metoxy-phenyl)-piperazin-1-yl]-phenyl}-3-phenyl-7-
hydroxycacbonyl-3H-naphto[2,1-b]pyran;

(PCDC-22)  3-{4-[4-(4-metoxy-phenyl)-piperazin-1-yl]-phenyl}-3-phenyl-7-(4-
phenyl-(phen-1-oxy)cacbonyl)-3H-naphto[2,1-b]pyran;

(PCDC-23) 3-{4-[4-(4-metoxy-phenyl)-piperazin-1-yl]-phenyl}-3-phenyl-7-(N-
(4-((4-dimetylamino)phenyl)diazenyl)phenyl)carbamoyl-3H-naphto[2,1-
b]pyran;

(PCDC-24) 2-phenyl-2-{4-[4-(4-metoxy-phenyl)-piperazin-1-yl]-phenyl}-
benzofuro[3’,2’:7,8] benzo[b]pyran;

(PCDC-25) 2-phenyl-2-{4-[4-(4-metoxy-phenyl)-piperazin-1-yl]-phenyl}-
benzothieno[3’,2°:7,8] benzo[b]pyran;

(PCDC-26) 7-{17-(1,5-dimetyl-hexyl)-10,13-dimetyl-
2,3,4,7,8,9,10,11,12,13,14,15,16,17-tetradecahydro-1H-
xyclopenta[a]phenanthren-3-yloxycacbonyloxy }-2-phenyl-2-(4-pyrolidin-1-
yl-phenyl)-6-metoxycacbonyl-2H-benzo[b]pyran;

(PCDC-27) 2-phenyl-2-{4-[4-(4-metoxy-phenyl)-piperazin-1-yl]-phenyl}-9-
hydroxy-8-metoxycacbonyl-2H-naphto[1,2-b]pyran;

(PCDC-28) 2-phenyl-2-{4-[4-(4-metoxy-phenyl)-piperazin-1-yl]-phenyl}-9-
hydroxy-8-(N-(4-butyl-phenyl))carbamoyl-2H-naphto[ 1,2-b]pyran;

(PCDC-29) 2-phenyl-2-{4-[4-(4-metoxy-phenyl)-piperazin-1-yl]-phenyl}-9-
hydroxy-8-(N-(4-phenyl)phenyl) carbamoyl-2H-naphto[1,2-b]pyran;

(PCDC-30) 1,3,3-trimetyl-6’-(4-etoxycacbonyl)-piperidin-1-yl)-spiro[indolin-
2,3’-3H-naphto[2,1-b][1,4]oxazin];

(PCDC-31) 1,3,3-trimetyl-6’-(4-[N-(4-butylphenyl)carbamoyl]-piperidin-1-yl)-
spiro[indolin-2,3’-3H-naphto[2,1-b][1,4]oxazin];

(PCDC-32) 1,3,3-trimetyl-6’-(4-(4-metoxyphenyl)piperazin-1-yl)-spiro[indolin-
2,3’-3H-naphto[2,1-b][1,4]oxazin];
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(PCDC-33) 1,3,3-trimetyl-6’-(4-(4-hydroxyphenyl)piperazin-1-yl)-spiro[indolin-
2,3’-3H-naphto[2,1-b][1,4]oxazin];

(PCDC-34) 1,3,3,5,6-pentametyl-7’-(4-(4-metoxyphenyl)piperazin-1-yl)-
spiro[indolin-2,3’-3H-naphto[2,1-b][1,4]oxazin];
(PCDC-35) 1,3-dietyl-3-metyl-5-metoxy-6’-(4-(4'-Hexyloxy-biphenyl-4-

cacbonyloxy)-piperidin-1-yl)-spiro[indolin-2,3’-3H-naphto[2,1-
b][1,4]oxazin];

(PCDC-36) 1,3-dietyl-3-metyl-5-[4-(4-pentadecafloheptyloxy-phenylcarbamoyl)-
benzyloxy]-6’-(4-(4'-hexyloxy-biphenyl-4-cacbonyloxy)-piperidin-1-yl)-
spiro[indolin-2,3’-3H-naphto[2,1-b][1,4]oxazin];

(PCDC-37) 2-phenyl-2-{4-[4-(4-metoxy-phenyl)-piperazin-1-yl]-phenyl}-5-
carbometoxy-8-(N-(4-phenyl)phenyl) carbamoyl-2H-naphto[1,2-b]pyran;

(PCDC-38) 2-phenyl-2-{4-[4-(4-metoxy-phenyl)-piperazin-1-yl]-phenyl}-5-

carbometoxy-8-(N-(4-phenyl)phenyl) carbamoyl-2H-fluoantheno[1,2-
b]pyran;

(PCDC-39) 2-phenyl-2-{4-[4-(4-metoxy-phenyl)-piperazin-1-yl]-phenyl}-5-
carbometoxy-11-(4-{17-(1,5-dimetyl-hexyl)-10,13-dimetyl-
2,3,4,7,8,9,10,11,12,13,14,15,16,17-tetradecahydro-1H-
xyclopenta[a]phenanthren-3-yloxycacbonyloxy } phenyl)-2H-fluoantheno[ 1,2-
b]pyran;

(PCDC-40) 1-(4-carboxybutyl)-6-(4-(4-propylphenyl)cacbonyloxy)phenyl)-3,3-
dimetyl-6’-(4-etoxycacbonyl)-piperidin-1-yl)-spiro[(1,2-dihydro-9H-
dioxolano[4°,5’:6,7]indolin-2,3’-3H-naphto[2,1-b][1,4]oxazin];

(PCDC-41) 1-(4-carboxybutyl)-6-(4-(4-propylphenyl)cacbonyloxy)phenyl)-3,3-
dimetyl-7’-(4-etoxycacbonyl)-piperidin-1-yl)-spiro[(1,2-dihydro-9H-
dioxolano[4’,5’:6,7]indolin-2,3’-3H-naphto[1,2-b][1,4]oxazin];

(PCDC-42) 1,3-dietyl-3-metyl-5-(4-{17-(1,5-dimetyl-hexyl)-10,13-dimetyl-
2,3,4,7,8,9,10,11,12,13,14,15,16,17-tetradecahydro-1H-
xyclopenta[a]phenanthren-3-yloxycacbonyloxy} phenyl)-6’-(4-(4'-hexyloxy-
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biphenyl-4-cacbonyloxy)-piperidin-1-yl)-spiro[indolin-2,3’-3H-naphto[2,1-
b][1,4]oxazin];

(PCDC-43) 1-butyl-3-etyl-3-metyl-5-metoxy-7’-(4-(4'-Hexyloxy-biphenyl-4-
cacbonyloxy)-piperidin-1-yl)-spiro[indolin-2,3’-3H-naphto[1,2-
b][1,4]oxazin];

(PCDC-44) 2-phenyl-2-{4-[4-(4-metoxy-phenyl)-piperazin-1-yl]-phenyl }-5-
metoxycacbonyl-6-metyl-2H-9-(4-(4-propylphenyl)cacbonyloxy)phenyl)(1,2-
dihydro-9H-dioxolano[4°,5:6,7] naphto[1,2-b]pyran;

(PCDC-45)  3-(4-metoxyphenyl)-3-(4-(4-metoxyphenyl)piperazin-1-yl)phenyl)-
13-etyl-13-hydroxy-6-metoxy-7-(4-(4-propylphenyl)cacbonyloxy)phenyl)-
[1,2-dihydro-9H-dioxolano[4”,57:6,7][indeno[2°,3°:3,4] |naphto[ 1,2-b]pyran;

(PCDC-46)  3-phenyl-3-(4-(4-metoxyphenyl)piperazin-1-yl)phenyl)-13-etyl-13-
hydroxy-6-metoxy-7-(4-(4-hexylphenyl)cacbonyloxy)phenyl)-[1,2-dihydro-
9H-dioxolano[4”,5:5,6][indeno[2°,3":3,4]] naphto[1,2-b]pyran;

(PCDC-47) 4-(4-((4-xyclohexylitn-1-etyl-2,5-dioxopyrolin-3-ylitn)etyl)-2-
thienyl)phenyl-(4-propyl)benzoat;

(PCDC-48) 4-(4-((4-adamantan-2-ylitn-1-(4-(4-
hexylphenyl)cacbonyloxy)phenyl)-2,5-dioxopyrolin-3-ylitn)etyl)-2-
thienyl)phenyl-(4-propyl)benzoat;

(PCDC-49) 4-(4-((4-adamantan-2-ylitn-2,5-dioxo-1-(4-(4-(4-
propylphenyl)piperazinyl)phenyl)pyrolin-3-ylitn)etyl)-2-thienyl)phenyl  (4-
propyl)benzoat;

(PCDC-50) 4-(4-((4-adamantan-2-ylitn-2,5-dioxo-1-(4-(4-(4-

propylphenyl)piperazinyl)phenyl)pyrolin-3-ylitn)etyl)-1-metylpyrol-2-
yl)phenyl (4-propyl)benzoat; '

(PCDC-51) 4-(4-((4-adamantan-2-ylitn-2,5-dioxo-1-(4-{17-(1,5-dimetyl-hexyl)-
10,13-dimetyl-2,3,4,7,8,9,10,11,12,13,14,15,16,17-tetradecahydro-1H-
xyclopenta[a]phenanthren-3-yloxycacbonyloxy } phenyl)pyrolin-3-ylitn)etyl)-
1-metylpyrol-2-yl)phenyl (4-propyl)benzoat;
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(PCDC-52) 4-(4-metyl-5,7-dioxo-6-(4-(4-(4-
propylphenyl)piperazinyl)phenyl)spiro[8,7a-dihydrothiapheno[4,5-f]isoindol-
8,2’-adamentan]-2-yl)phenyl (4-propyl) phenyl benzoat;

(PCDC-53) N-(4-{17-(1,5-dimetyl-hexyl)-10,13-dimetyl-
2,3,4,7,8,9,10,11,12,13,14,15,16,17-tetradecahydro-1H-
xyclopenta[a]phenanthren-3-yloxycacbonyloxy} phenyl -6,7-dihydro-4-metyl-
2-phenylspiro(5,6-benzo[b]thiophendicarboxyimit-7,2-
trixyclo[3.3.1.1]dexan);

(PCDC-54) N-xyanometyl-6,7-dihydro-2-(4-(4-(4-
propylphenyl)piperazinyl)phenyl)-4-metylspiro(5,6-
benzo[b]thiophendicarboxyimit-7,2-trixyclo[3.3.1.1] dexan);

(PCDC-55) N-phenyletyl-6,7-dihydro-2-(4-(4-(4-
hexylbenzoyloxy)phenyl)piperazin-1-yl)phenyl-4-metylspiro(5,6-
benzo[b]thiophendicarboxyimit-7,2-trixyclo[3.3.1.1] dexan);

(PCDC-56) N-phenyletyl-6,7-dihydro-2-(4-(4-(4-
hexylbenzoyloxy)phenyl)piperazin-1-yl)phenyl-4-xyclopropyl spiro(5,6-
benzo[b]thiophendicarboxyimit-7,2-trixyclo[3.3.1.1] dexan);

(PCDC-57) N-phenyletyl-6,7-dihydro-2-(4-(4-(4-
hexylbenzoyloxy)phenyl)piperazin-1-yl)phenyl-4-xyclopropyl spiro(5,6-
benzo[b]furodicarboxyimit-7,2-trixyclo[3.3.1.1] dexan);

(PCDC-58) N-xyanometyl-6,7-dihydro-4-(4-(4-(4-
hexylbenzoyloxy)phenyl)piperazin-1-yl)phenyl-2-phenylspiro(5,6-
benzo[b]thiophendicarboxyimit-7,2-trixyclo[3.3.1.1] dexan);

(PCDC-59) N-[17-(1,5-dimetyl-hexyl)-10,13-dimetyl-
2,3,4,7,8,9,10,11,12,13,14,15,16,17-tetradecahydro-1H-
xyclopenta[a]phenanthren-3-yloxycacbonyl -6,7-dihydro-2-(4-

metoxyphenyl)phenyl-4-metylspiro(5,6-benzo[b]thiophendicarboxyimit-7,2-
trixyclo[3.3.1.1] dexan);
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(PCDC-60) N-xyanometyl-2-(4-(6-(4-butylphenyl)cacbonyloxy-(4,8-
dioxabixyclo[3.3.0]oct-2-yl))oxycacbonyl)phenyl -6,7-dihydro-4-
xyclopropylspiro(5,6-benzo|[b] thiophendicarboxyimit-7,2-
trixyclo[3.3.1.1]dexan);

(PCDC-61) 6,7-dihydro-N-metoxycacbonylmetyl-4-(4-(6-(4-
butylphenyl)cacbonyloxy-(4,8-dioxabixyclo[3.3.0]oct-2-
yl))oxycacbonyl)phenyl-2-phenylspiro(5,6- benzo[b]thiophendicarboxyimit-
7,2-trixyclo[3.3.1.1] dexan); va

(PCDC-62) 3-phenyl-3-(4-pyrolidinylphenyl)-13,13-dimetyl-6-metoxy-7-(4-(4-
(4-(4-(6-(4-(4-(4-
onylphenylcabonyloxy)phenyl)oxycacbonyl)phenoxy)hexyloxy)phenyl)pipera
zin-1-yl)indeno[2’,3’:3,4] naphto[1,2-b]pyran.

V6i mot s phuong an khac, cac hgp chat ludng sdc §6i mau theo anh
sang cta cac vat dung ddi mau theo anh sang theo sdng ché, c6 thé duge chon

tir cac hop chit sau day:
(PCDC-al) 3,3-Bis(4-metoxyphenyl)-10-[4-(4-(trans-4-

pentylxyclohexyl)benzamido)phenyl]-13,13-dimetyl-12-bromo-3,13-dihydro-
indeno[2',3":3,4]naphto[1,2-b]pyran;

(PCDC-a2) 3,3-Bis(4-metoxyphenyl)-10-[4-((4-(trans-4-
pentylxyclohexyl)phenoxy)cacbonyl) phenyl]-6,13,13-trimetyl-3,13-dihydro-
indeno[2',3":3,4]naphto[1,2-b]pyran;

(PCDC-a3) 3-(4-Flophenyl)-3-(4-piperidinophenyl)-10-[4-(4-(4-(trans-4-
pentylxyclohexyl)phenyl)benzamido) ~ phenyl]-6-triflurometyl-11,13,13-trimetyl-
3,13-dihydro- indeno[2',3":3,4]naphto[1,2-b]pyran;

-48-



27509

(PCDC-a4) 3,3-Bis(4-metoxyphenyl)- 10-[4-(4-(trans-4-
pentylxyclohexyl)benzamido)phenyl]-5,7-diflo-13,13-dimetyl-3,13-dihydro-
indeno[2',3":3,4]naphto[1,2-b]pyran;

(PCDC-a5) 3-(4-Metoxyphenyl)-3-(4-piperidinophenyl)-10-[4-(4-(4-(trans-
4-pentylxyclohexyl)phenyl)benzamido) phenyl]-5,7-diflo-13,13-dimetyl-3,13-
dihydro- indeno[2',3":3,4]naphto[1,2-b]pyran;

(PCDC-a6) 3-(4-Metoxyphenyl)-3-(4-morpholinophenyl)-10-[4-(4-(4-
(trans-4-pentylxyclohexyl)phenyl)benzamido)phenyl]-5,7-diflo-13,13-dimetyl-
3,13-dihydro- indeno[2',3":3,4]naphto[1,2-b]pyran;

(PCDC-a7) 3-(4-Flophenyl)-3-(4-piperidinophenyl)-10-[4-((4-(trans-4-
pentylxyclohexyl)phenoxy)cacbonyl)phenyl]-12-bromo-5,7-diflo-13,13-dimetyl-
3,13-dihydro- indeno[2',3":3,4]naphto[1,2-b]pyran;

(PCDC-a8) 3-Phenyl-3-(4-piperidinophenyl)- 10-[4-(4-(4-(trans-4-
pentylxyclohexyl)phenyl)benzamido)phenyl]-12-bromo-5,7-diflo-13,13-dimetyl-
3,13-dihydro- indeno[2',3":3,4]naphto[1,2-b]pyran;

(PCDC-a9) 3-Phenyl-3-(4-piperidinophenyl)-10-[4-((4-(trans-4-
pentylxyclohexyl)phenoxy)cacbonyl)phenyl]-12-bromo-5,7-diflo-13,13-dimetyl-
3,13-dihydro- indeno[2',3":3,4]naphto[1,2-b]pyran;

(PCDC-al0) 3-(4-Flophenyl)-3-(4-piperidinophenyl)- 10-[4-(4-(4-(trans-4-
pentylxyclohexyl)phenyl)benzamido)phenyl]-12-bromo-13,13-dimetyl-3,13-
dihydro- indeno[2',3":3,4]naphto[1,2-b]pyran;
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(PCDC-all) 3,3-Bis(4-metoxydinophenyl)-10-[4-(4-(4-(trans-4-
pentylxyclohexyl)phenyl)benzamido)phenyl]-12-bromo-6,7-dimetoxy-11,13,13-
trimetyl-3,13-dihydro- indeno[2',3":3,4]naphto[1,2-b]pyran;

(PCDC-al2) 3,3-Bis(4-metoxyphenyl)-10-[4-(4-(4-(trans-4-
pentylxyclohexyl)phenyl)benzamido) phenyl]-6-triflurometyl-12-bromo-13,13-
dimetyl-3,13-dihydro- indeno[2’,3":3,4]naphto[1,2-b]pyran;

(PCDC-al3) 3,3-Bis(4-metoxyphenyl)-10,12-bis[4-(4-(4-(trans-4-
pentylxyclohexyl)phenyl)benzamido)phenyl]-6-triflurometyl-13,13-dimetyl-3,13-
dihydro- indeno[2’,3":3,4]naphto[1,2-b]pyran;

(PCDC-al4) 3,3-Bis(4-metoxyphenyl)-10-[4-(4-(4-(trans-4-
pentylxyclohexyl)phenyl) benzamido)phenyl]-5,7-diflo-13,13-dimetyl-3,13-
dihydro- indeno[2’,3":3,4]naphto[1,2-b]pyran;

(PCDC-al5) 3,3-Bis(4-metoxyphenyl)-10-[4-(4-(4-(trans-4-
pentylxyclohexyl)phenyl)benzamido) phenyl]-6-triflurometyl-13,13-dimetyl-3,13-
dihydro- indeno[2',3":3,4]naphto[1,2-b]pyran;

(PCDC-al6) 3,3-Bis(4-metoxyphenyl)-10-[4-(4-(4-(trans-4-
pentylxyclohexyl)phenyl) benzamido)phenyl]-5,7-diflo-12-bromo-13,13-dimetyl-
3,13-dihydro- indeno[2',3":3,4naphto[1,2-b]pyran;
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(PCDC-al7) 3-(4-Flophenyl)-3-(4-morpholinophenyl)-10-[4-(4-(4-(trans-4-
pentylxyclohexyl) phenyl)benzamido)phenyl]-6-triflometyl-13-metyl-13-butyl-
3,13-dihydro- indeno[2',3":3,4]naphto[1,2-b]pyran;

(PCDC-al8) 3-(4-Flophenyl)-3-(4-morpholinophenyl)-10-[4-(4-(4-(trans-4-
pentylxyclohexyl) phenyl)benzamido)phenyl]-5,7-diflo-12-bromo-13,13-dimetyl-
3,13-dihydro- indeno[2',3":3,4]naphto[1,2-b]pyran;

(PCDC-al9) 3-Phenyl-3-(4-metoxyphenyl)-10-[4-(4-(4-(trans-4-
pentylxyclohexyl)  phenyl)benzamido)phenyl]-6-triflometyl-13,13-dimetyl-3,13-
dihydro- indeno[2',3":3,4naphto[1,2-b]pyran;

(PCDC-a20) 3-Phenyl-3-(4-morpholinophenyl)-10-[4-(4-(4-(trans-4-
pentylxyclohexyl)  phenyl)benzamido)phenyl]-6-triflometyl-13,13-dimetyl-3,13-
dihydro- indeno[2',3":3,4]naphto[1,2-b]pyran;

(PCDC-a21)  3,3-Bis(4-flophenyl)-10-[4-(4-(4-(trans-4-pentylxyclohexyl)
phenyl)benzamido)phenyl]-6-triflometyl-12-bromo-13,13-dimetyl-3,13-dihydro-
indeno[2',3":3,4]naphto[1,2-b]pyran;

(PCDC-a22)  3,3-Bis(4-flophenyl)-10-[4-(4-(4-(trans-4-pentylxyclohexyl)
phenyl)benzamido)phenyl]-6-triflometyl-13,13-dimetyl-3,13-dihydro-
indeno[2',3":3,4]naphto[1,2-b]pyran;

(PCDC-a23) 3-(4-Metoxyphenyl)-3-(4-butoxyphenyl)-10-[4-(4-(4-(trans-4-
pentylxyclohexyl)  phenyl)benzamido)phenyl]-6-triflometyl-13,13-dimetyl-3,13-
dihydro- indeno[2’,3":3,4]naphto[1,2-b]pyran;
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(PCDC-a24) 3-(4-Flophenyl)-13,13-dimetyl-3-(4-morpholinophenyl)-10-(4-
(4'-(trans-4-pentylxyclohexyl)-[1,1'-biphenyl]-4-ylcarboxamido)phenyl)-6-
(triflometyl)-3,13-dihydro-indeno[2',3":3,4]naphto[1,2-b]pyran;

(PCDC-a25) 3-(4-Butoxyphenyl)-3-(4-flophenyl)-13,13-dimetyl-10-(4-(4'-
(trans-4-pentylxyclohexyl)-[1,1'-biphenyl]-4-ylcarboxamido)phenyl)-6-
(triflometyl)-3,13-dihydro- indeno[2',3":3,4]naphto[1,2-b]pyran;

(PCDC-a26) 3-(4-(4-(4-Metoxyphenyl)piperazin-1-yl)phenyl)-13,13-
dimetyl-10-(4-(4'-(trans-4-pentylxyclohexyl)-[1,1'-biphenyl]-4-
ylcarboxamido)phenyl)-3-phenyl-6-(triflometyl)-3,13-dihydro-
indeno[2',3":3,4]naphto[1,2-b]pyran;

(PCDC-a27) 3-(4-Butoxyphenyl)-3-(4-flophenyl)-13,13-dimetyl-10-(4-
(((trans,trans-4'-pentyl-[1,1'-bi(xyclohexan)]-4-yl)oxy)cacbonyl)phenyl)-6-
(triflometyl)-3,13-dihydro- indeno[2’,3":3,4]naphto[1,2-b]pyran;

(PCDC-a28) 3-(4-Flophenyl)-13,13-dimetyl-10-(4-(4'-(trans-4-
pentylxyclohexyl)-[1,1'-biphenyl]-4-ylcarboxamido)phenyl)-3-(4-butoxyphenyl)-6-
(triflometyl)-3,13-dihydro indeno[2',3":3,4]naphto[1,2-b]pyran;

(PCDC-a29) 3-(4-Metoxyphenyl)-13,13-dimetyl-10-(4-(4'-(trans-4-
pentylxyclohexyl)-[1,1'-biphenyl]-4-ylcarboxamido)phenyl)-3-(4-
(triflometoxy)phenyl)-6-(triflometyl)-3,13-dihydro-indeno[2',3":3,4 naphto[1,2-
b]pyran;
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(PCDC-a30) 3,3-Bis(4-hydroxyphenyl)-10-[4-(4-(4-(trans-4-
pentylxyclohexyl)phenyl)benzamido) phenyl]-6-triflurometyl-13,13-dimetyl-3,13-
dihydro-indeno[2',3":3,4]naphto[1,2-b]pyran;

(PCDC-240) 12-Bromo-3-(4-butoxyphenyl)-3-(4-flophenyl)-13,13-dimetyl-
10-(4-((4'-(trans-4-pentylxyclohexyl)-[ 1,1'-biphenyl]-4-cacbonyl)oxy)benzamido)-
6-(triflometyl)-3,13-dihydro-indeno[2',3":3,4]naphto[1,2-b]pyran;

(PCDC-a41) 3-(4-Butoxyphenyl)-5,7-diclo-11-metoxy-3-(4-metoxyphenyl)-
13,13-dimetyl-10-(4-(4'-(trans-4-pentylxyclohexyl)-[ 1,1'-biphenyl]-4-
ylcarboxamido)phenyl)-3,13-dihydro-indeno[2',3":3,4]naphto[1,2-b]pyran;

(PCDC-a42) 3-(4-Butoxyphenyl)-3-(4-flophenyl)-13,13-dimetyl-10-(4-((4'-
(trans-4-pentylxyclohexyl)-[1,1'-biphenyl]-4-cacbonyl)oxy)benzamido)-6-
(triflometyl)-3,13-dihydro-indeno[2’,3":3,4naphto[1,2-b]pyran;

(PCDC-a43) 5,7-Diclo-3,3-bis(4-hydroxyphenyl)-11-metoxy-13,13-dimetyl-
10-(4-(4'-(trans-4-pentylxyclohexyl)-[1,1'-biphenyl]-4-ylcarboxamido)phenyl)-
3,13-dihydro- indeno[2',3":3,4]naphto[1,2-b]pyran;

(PCDC-a44) 6,8-Diclo-3,3-bis(4-hydroxyphenyl)-11-metoxy-13,13-dimetyl-
10-(4-(4'-(trans-4-pentylxyclohexyl)-[ 1,1'-biphenyl]-4-ylcarboxamido)phenyl)-
3,13-dihydro- indeno[2',3":3,4]naphto[1,2-b]pyran;

(PCDC-a45) 3-(4-Butoxyphenyl)-5,8-diflo-3-(4-flophenyl)-13,13-dimetyl-
10-(4-(4'-(trans-4-pentylxyclohexyl)-[ 1,1'-biphenyl]-4-ylcarboxamido)phenyl)-
3,13-dihydro- indeno[2',3":3,4]naphto[1,2-b]pyran;
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(PCDC-a46) 3-(4-Butoxyphenyl)-3-(4-flophenyl)-13,13-dimetyl-10-(4-(4'-
(trans-4-pentylxyclohexyl)-[1,1'-biphenyl]-4-cacbonyl)piperazin-1-yl)-6-
(triflometyl)-3,13-dihydro- indeno[2’,3":3,4]naphto[1,2-b]pyran;

(PCDC-a47) 3-(4-Morpholinophenyl)-3-(4-metoxyphenyl)-10,7-bis[4-(4-(4-
(trans-4-pentylxyclohexyl)  phenyl)benzamido)phenyl]-5-flo-13,13-dimetyl-3,13-
dihydro- indeno[2’,3":3,4]naphto[1,2-b]pyran;

(PCDC-a48) 3-(4-Morpholinophenyl)-3-(4-metoxyphenyl)-10-[4-(4-(4-
(trans-4-pentylxyclohexyl) phenyl)benzamido)-2-(triflometyl)phenyl]-13,13-
dimetyl-3,13-dihydro- indeno[2',3":3,4]naphto[1,2-b]pyran;

(PCDC-a49) 3, 3-Bis(4-metoxyphenyl)-10-[4-(4-(4-(trans-4-
pentylxyclohexyl)phenyl)benzamido)-2-(triflometyl)phenyl]-13,13-dimetyl-3,13-
dihydro- indeno[2',3":3,4]naphto[1,2-b]pyran;

(PCDC-a50) 3-(4-Morpholinophenyl)-3-(4-metoxyphenyl)-10-[4-(4-(4-
(trans-4-pentylxyclohexyl) phenyl)benzamido)-2-(triflometyl)phenyl]-13,13-
dimetyl-3,13-dihydro- indeno[2',3":3,4]naphto[1,2-b]pyran;

(PCDC-a51) 3,3-Bis(4-metoxyphenyl)-13,13-dimetyl-10-(2-metyl-4-(trans-
4-((4'-((trans-4-pentylxyclohexyl)biphenyl-4-
yloxy)cacbonyl)xyclohexancarboxamido)phenyl)-3,13-dihydro-
indeno[2’',3":3,4]naphto[1,2-b]pyran;
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(PCDC-a52) 3-(4-(4-(4-Butylphenyl)piperazin-1-yl)phenyl)-3-(4-
metoxyphenyl)-13,13-dimetyl-10-(4-(4'-(trans-4-pentylxyclohexyl)biphenyl-4-
ylcarboxamido)-2-(triflometyl)phenyl)-3,13-dihydro-indeno[2’,3":3,4naphto[ 1,2-
b]pyran;

(PCDC-a53) 3-(4-(4-(4-Butylphenyl)piperazin-1-yl)phenyl)-3-(4-
metoxyphenyl)-13,13-dimetyl-10-(2-metyl-4-(4'-(trans-4-
pentylxyclohexyl)biphenyl-4-ylcarboxamido)phenyl)-7-(4-(4-(trans-4-
pentylxyclohexyl)benzamido)phenyl)-3,13-dihydro-indeno[2',3":3,4]naphto[ 1,2-
b]pyran;

(PCDC-a54) 3-(4-Metoxyphenyl)-13,13-dimetyl-7,10-bis(4-(4'-(trans-4-
pentylxyclohexyl)biphenyl-4-ylcarboxamido)phenyl)-3-phenyl-3,13-dihydro-
indeno[2',3":3,4]naphto[1,2-b]pyran;

(PCDC-a55) 3-p-Tolyl-3-(4-metoxyphenyl)- 6-metoxy-13,13-dimetyl-7-(4'-
(trans,trans-4'-pentylbi(xyclohexan-4-)cacbonyloxy)biphenylcacbonyloxy)-10-(4-
(4'-(trans-4-pentylxyclohexyl)biphenyl-4-ylcarboxamido)phenyl)-3,13-dihydro-
indeno[2’,3":3,4]naphto[1,2-b]pyran;

(PCDC-a56) 10-(4-(((3S,8S,9S,10R,13R,14S,17R)-10,13-Dimetyl-17-((R)-
6-metylheptan-2-yl)-2,3,4,7,8,9,10,11,12,13,14,15,16,17-tetradecahydro-1H-
xyclopenta[a]phenanthren-3-yloxy)cacbonyl)piperazin-1-yl)-3-(4-metoxyphenyl)-
13,13-dimetyl-3-(4-morpholinophenyl)- 3,13-dihydro-indeno[2',3":3,4]naphto[1,2-
b]pyran;
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(PCDC-a57) 6-Metoxy-3-(4-metoxyphenyl)-13,13-dimetyl-3-(4-((S)-2-
metylbutoxy)phenyl)-10-(4-(4'-(trans-4-pentylxyclohexyl)biphenyl-4-
ylcarboxamido)phenyl)- 3,13-dihydro-indeno[2',3":3,4 naphto[1,2-b]pyran;

(PCDC-as8) 6-Metoxy-3-(4-metoxyphenyl)-13,13-dimetyl-3-(4-((S)-2-
metylbutoxy)phenyl)-7-(4'-(trans,trans-4'-pentylbi(xyclohexan-4-
)cacbonyloxy)biphenylcacbonyloxy)-10-(4-(4'-(trans-4-pentylxyclohexyl)biphenyl-
4-ylcarboxamido)phenyl)-3,13-dihydro-indeno[2',3":3,4]naphto[1,2-b]pyran; va

(PCDC-a59) 6-Metoxy-3-(4-metoxyphenyl)-13,13-dimetyl-3-(4-((S)-
2-metylbutoxy)phenyl)-10-(4-(((3R,3a8S,6S,6aS)-6-(4'-(trans-4-
pentylxyclohexyl)biphenylcacbonyloxy)hexahydrofuro[3,2-b]furan-3-
yloxy)cacbonyl)phenyl)-3,13-dihydro-indeno[2’,3":3,4]naphto[ 1,2-b]pyran.

Nhin chung hon, cic hgp chit ludng sic d6i mau theo anh sang cia
cac vat dung ddi mau theo 4nh sang theo sang ché bao gdém: (a) it nhit mot
nhém dbi mau theo anh sang (PC), ma cé thé dugc chon ti, vi du, pyran,
oxazin, va fulgit; va (b) it nhit moét chit hoic nhém kéo gisin gin két voi
nhém dbi mau theo anh sang. Chét kéo dai (L) dugc biéu hién biang Coéng thic

I sau day:
Cong thuc I
— [S1]e-[Q1 [S2]a]a-[Q2 —[S3]e]e-[Q3 —[Sa]ele-Ss-P

Nhu dugc st dung trong ban md ta nay, thuit ngit “gén két” dung dé
chi nhém dbi mau theo anh sang cta hop chét ludng sic d6i mau theo 4nh
sang c6 nghia 12 nhom lién két truc tiép hodc khong truc tiép qua nhém khac.
Do dé, vi dy, theo cac phuong 4n khong gidi han khac nhau dugc bdc 1§ trong

ban mo ta nay, L c6 thé duogc lién két truc tiép v6i PC nhu nhém thé trén PC,

-56-



27509

hogc L ¢6 thé 12 nhém thé trén nhém khéac (nhw nhém dugc bidu hién bang R,
ma dugc thao luin dudi day) ma lién két truc tiép véi PC (vi du, L dugce lién
két khong truc tiép véi PC). Mic du khong gisi han & day, theo cac phuong
an khong gidi han khéac nhau, L ¢6 thé duoc gén két v6i PC nhu vay dé mo
rong hodc kéo dai PC & trang thai dugc kich hoat sao cho tdc do hép thu cua
PC duvoc mé& rong (vi du, hop chit i mau theo anh sang) duoc nang cao khi
so voi PC riéng biét. Médc du khong gidi han & ddy, theo cac phuong an khong
gi6¢i han khéc nhau, vi tri cua diém gén két ctia L trén PC c6 thé dugc chon
sao cho L kéo dai PC trong it nhét mot huéng song song véi va hudng vudng
gbc voi thoi didém ludng cuc chuyén tiép theo ly thuyét cua dang dugc kich
hoat cua PC. Nhu dugc st dung trong ban mo td nay, thudt ngt “thoi diém
ludng cuc chuyén tiép theo ly thuyét” ding dé chi sw phan cuc ludng cuc tam
thoi dugc tao ra béng su tuong tac cia birc xa dién tir v4i phén tir. Xem, vi du,
IUPAC Compendium of Chemical Technology, 2" Ed., International Union
of Pure and Applied Chemistry (1997).

Vi sy tham chidu dén Cong thic I néu trén, mdi Qi, Qz, va Q3 c6 thé
ddc 1ap dugc chon cho mdi 14n xuét hién tir: nhém héa tri hai duge chon tir
nhém thom dugce thé hodc khong dugc thé, nhém vong béo dugc thé hoic
khéng duoc thé, nhom di vong duge thé hoic khong dugce thé, va hdn hop coa
chuing, trong dé cdc nhom thé dugc chon tir: nhém dugc biéu hién béng P
(nhu dugc thé hién dudi day), aryl, thiol, amit, cAc mesogen tinh thé long,
halogen, Ci1-Cig alkoxy, poly(Ci-Cis alkoxy), amino, amino(Ci-Cis)alkylen,
Ci-Cisalkylamino, di-(Ci-Cis)alkylamino, Ci-Cys alkyl, C2-Cis alken, Cz-Cis
alkyn, C;-Cis alkyl(Ci-Cig)alkoxy, Ci-Cis alkoxycacbonyl, Ci-Cis
alkylcacbonyl, C1-Cis alkyl cacbonat, aryl cacbonat, Ci-Cis axetyl, C3-Cio
xycloalkyl, C3-Cio xycloalkoxy, isoxyanato, amido, xyano, nitro, nhém C;-Cis
alkyl mach théng hodc mach nhanh ma dugc thé mot lan béng xyano, halo,
hodc Ci-Cis alkoxy, hodc dugc thé nhiéu 1an bang halo, va nhém dugc bidu
hién bang mét trong sd cac cong thirc sau: —M(T)¢-1) vd —M(OT)(1), trong
dé6 M duogc chon tr nhom, antimon, tantali, titan, ziriconi va silic, T dugc

chon tir cac gbe churc hitu co, cac gbc hydrocacbon chitc hitu co, cac goc
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hydrocacbon béo va cac gbc hydrocacbon thom, va t 1a héa tri cia M. Nhu

duoc sir dung trong ban mé ta nay, tién t& “poly” ¢6 nghia 13 it nhét hai.

V6i su tham chiéu dén Céng thuc I trén, mdi Q1, Q2, va Q3 c6 thé doc
lap duoc chon cho mdi 14n xuét hién tir: nhém hoa tri hai duge chon tir nhém
thom dugc thé hoic khong dugc thé, nhém vong béo duge thé hoic khéng
dugc thé, nhom di vong dugc thé hodc khong dugc thé, va hdn hgp cta chung,
trong d6 cac nhém thé duoc chon tir: nhém duge biéu hién béng P (nhu duoc
thé hién dudi day), aryl, thiol, amit, cAc mesogen tinh thé long, halogen, Ci-
Cis alkoxy, poly(Ci-Cis alkoxy), amino, amino(Ci-Cis)alkylen, C;-
Cisalkylamino, di-(Ci-Cig)alkylamino, Ci-Cis alkyl, C;-Cis alken, Cz-Cig
alkyn, Ci-Cig alkyl(Ci-Cig)alkoxy, Ci-Cis alkoxycacbonyl, C;i-Cis
alkylcacbonyl, Ci-Cis alkyl cacbonat, aryl cacbonat, C;-Cig axetyl, C3-Cio
xycloalkyl, C3-Cio xycloalkoxy, isoxyanato, amido, Xyano, nitro, nhém C;-Cis
alkyl mach thing hodc mach nhanh ma dugc thé mét 1an bang xyano, halo,
hodc Ci-Cis alkoxy, hodic dugc thé nhiéu 14n bang halo, va nhém dugc biéu
hién bang mét trong sd cac coéng thirc sau: —M(T)1) va —M(OT)1), trong
d6 M duoc chon tr nhom, antimon, tantali, titan, ziriconi va silic, T dugc
chon tir cac gdc chirc hitu co, cac gdc hydrocacbon chirc hitu co, cic gdc
hydrocacbon béo va cac gdc hydrocacbon thom, va t 1a héa tri cia M. Nhu

duge st dung trong ban mo ta ndy, tién td “poly” c6 nghia 12 it nhit hai.

Nhu duogc thdo luan & trén, Q1, Q2, va Q3 ¢é thé doc lap dugc chon
cho mdi 14n xuét hién tir nhém hoéa tri hai, nhuy nhém thom dugc thé hodc
khong dugc thé, nhém di vong dugce thé hoic khong dugce thé, va nhém
alicylic dugc thé hoic khong duoc thé. Cac vi du khéng giéi han vé c4c nhom
thom hitu dung bao gdm: benzo, naphto, phenanthro, biphenyl, tetrahydro

naphto, terphenyl, va anthraxeno.

Nhu dugc st dung trong ban mo ta nay, thuat ngit “nhém di vong” cé
nghia 12 hop chit c6 vong cia cc nguyén tir, trong d6 it nhit mdt nguyén tir
tao ra vong la khac vdi cac nguyén tir khac tao ra vong. Ngoai ra, nhu dugc su

dung trong ban mo ta nay, thudt ngt nhém di vong dic biét 1a loai trir cac
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nhom di vong dung hop. Céc vi du khdng gidi han v& cac nhom dj vong thich
hgp ma & d6 Qi, Q2, va Qs ¢o th8 duogc chon bao gém: isosorbitol,
dibenzofuro, dibenzothieno, benzofuro, benzothieno, thieno, furo, dioxino,
carbazolo, anthranilyl, azepinyl, benzoxazolyl, diazepinyl, dioazlyl,
imidazolidinyl, imidazolyl, imidazolinyl, indazolyl, indolninyl, indolinyl,
indolizinyl, indolyl, indoxazinyl, isobenzazolyl, isoindolyl, isooxazolyl,
isooxazyl, isopyroyl, isoquinolyl, isothiazolyl, morpholino, morpholinyl,
oxadiazolyl, oxathiazolyl, oxathiazyl, oxathiolyl, oxatriazolyl, oxazolyl,
piperazinyl, piperazyl, piperidyl, purinyl, pyranopyrolyl, pyrazinyl,
pyrazolidinyl, pyrazolinyl, pyrazolyl, pyrazyl, pyridazinyl, pyridazyl, pyridyl,
pyrimidinyl, pyrimidyl, pyridenyl, pyrolidinyl, pyrolinyl, pyroyl, quinolizinyl,
quinuclidinyl, quinolyl, thiazolyl, triazolyl, triazyl, N-arylpiperazino,
aziridino, arylpiperidino, thiomorpholino, tetrahydroquinolino,
tetrahydroisoquinolino, pyrryl, unsubstituted, cdc amin xo#n hai vong Cs-Cis
duoc thé mot 14n hodc hai 14n, va cdc amin xoin ba vong Cs-Cis khong duge

thé, dugc thé mot 1an hodc hai 1an.

Nhu duoc thao luin ¢ trén, Q1, Q2, va Q3 ¢é thé duoc chon tir amin
x04n hai vong Cs-Cis duge thé mot 14n hodc hai 1an va amin xoén ba vong Cy-
Cis. Céc vi du khong gii han vé& cac nhém thé thich hop bao gdm aryl, C1-Cs
alkyl, C1-Cs alkoxy hodc phenyl (Ci-Cs )alkyl. Cac vi du khdng gidi han cu
thé v& cac amin xoén ba vong duogc thé mot 14n hodc hai lan bao gém: 2-
azabixyclo[2.2.1]hept-2-yl; 3-azabixyclo[3.2.1]oct-3-yl; 2-
azabixyclo[2.2.2]oct-2-yl; va 6-azabixyclo[3.2.2]nonan-6-yl. Cac vi du khong
gidéi han cu thé v& c4c amin ba vong dugc thé mot 14n hodc hai 14n bao gff)m:
2-azatrixyclo[3.3.1.1(3,7)]decan-2-yl; 4-benzyl-2-
azatrixyclo[3.3.1.1(3,7)]decan-2-yl; 4-metoxy-6-metyl-2-
azatrixyclo[3.3.1.1(3,7)]decan-2-yl; 4- azatrixyclo[4.3.1.1(3,8)]Jundecan-4-yl;
va 7-metyl-4-azatrixyclo[4.3.1.1(3,8)]undecan-4-yl. Cac vi du vé cac nhém
vong béo ma & do Qi1, Q2, va Q3 ¢co thé dugc chon bao gém, ma khong gidi
han, xyclohexyl, xyclopropyl, norbornenyl, decalinyl, adamantanyl,

bixycloctan, per-hydrofloen, va cubanyl.
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B?mg cach tiép tuc tham chiéu dén Cong thirc I, mdi S1, Sz, S3, S4, va

Ss doc 1ap duoc chon cho mdi 14n xuét hién tir don vi khoang céch dugc chon
tr:

(1) -(CH2)g-, -(CF2)n-, -Si(CH2)g-, -(Si[(CH3)2]O)n-, trong d6 g doc 1ap duoc

chon cho mdi 1an xut hién tir 1 dén 20; h dugc chon tir 1 dén 16;

(2) -N@2)-, -C(2)=C(Z)-, -C(Z)=N-, -C(Z’)-C(Z’)-, trong d6 Z dbc lap duoc
chon cho mdi 1in xuét hién tir hydro, Ci-Cs alkyl, xycloalkyl v aryl, va Z’
doc lap duge chon cho mdi 14n xuét hién tir Ci-Cs alkyl, xycloalkyl va aryl;

va

(3) -0-, -C(0)-, -C=C-, -N=N-, -S-, -S(0)-, -S(0)(0)-, chét két tua alkylen Ci-
C24 mach théng hoic mach nhénh, chét két tua alkylen C;-C24 khong duoc
thé, duoc thé mot 1an bing xyano hodc halo, hodc dugc thé nhiéu 14n bing
halo;

Viéc lya chon Si, S, S3, Se, va Ss 1a dbi twong, tuy nhién, dbi véi diéu kién, ma khi
hai don vi khoang cach bao gdm céc nguyén tir khac loai dugc lién két voi nhau,
cac don vi khoang cach dugc lién két sao cho céc nguyén tr khac loai khong li€n
két truc tiép v6i nhau, va khi S; va Ss duge lién két voi PC va P, tuong tmg, ching
duoc lién két sao cho hai nguyén tir khac loai khéng lién két truc tiép véi nhau.
Nhu dugc stir dung trong ban mod ta ndy, thuat ngit “nguyén tir khac loai” c6 nghia

la cdc nguyén tir khac vdi cacbon hodc hydro.

Ngoai ra, trong Cong thirc I, theo cac phuong an khong gidi han khéc
nhau, mbi c, d, e, va f c6 thé doc lap dugc chon tir sb nguyén nim trong
khoang tir 1 dén 20, bao gdm ca gia tri dau cudi; va mbi d’, e’ va f* c6 thé doc
1ap duoc chon tir 0, 1, 2, 3, va 4, véi diéu kién 13 tong cia d” + e’ + f* it nhét
1a 1. Theo cac phuong 4n khong giéi han khac, mbi c, d, e, va f c6 thé doc lap
duoc chon tir s6 nguyén nim trong khoang tir 0 dén 20, bao gdm ca gia tri dau
cubi; va mdi d’, e’ va £ c6 thé doc lap dugc chon tr 0, 1, 2, 3, va 4, véi diéu
kién 1a tdng ctia d’ + e’ + f” it nhét 14 2. Theo c4c phwong 4n khéng gidi han
khac nita, mdi ¢, d, e, va f c6 thé doc 1ap dugc chon tir sb nguyén nam trong

khoang tir 0 dén 20, bao gdm ca gia tri ddu cudi; va mdi d’, e’ va > ¢c6 thé doc
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1ap duge chon tir 0, 1, 2, 3, va 4, véi diu kién 12 téng ciia d’ + e’ + f* it nhét
1a 3. Theo cac phuong an khong gidi han khéc nita, mdic, d, e, va f c6 thé doc
lap dugc chon tir s6 nguyén ndm trong khoang tir tir 0 dén 20, bao gdm ca gia
tri ddu cubi; vamdi d’, e’ va £ c6 thé doc 1ap dugc chon tir 0, 1, 2, 3, va 4, véi
diéu kién 1a tdng ctia d” + ¢’ + it nhat 1a 1.

Ngoai ra, trong Cong thirc I, P ¢6 thé dugc chon tir: aziridinyl, hydro,
hydroxy, aryl, alkyl, alkoxy, amino, alkylamino, alkylalkoxy, alkoxyalkoxy,
nitro, polyalkyl ete, (Ci-Ce)alkyl(Ci-Cs)alkoxy(C1-Cs)alkyl, polyetylenoxy,
polypropylenoxy, etylen, acrylat, metacrylat, 2-cloacrylat, 2-phenylacrylat,
acryloylphenylen, acrylamit, metacrylamit, 2-cloacrylamit, 2-phenylacrylamit,
epoxy, isoxyanat, thiol, thioisoxyanat, este clia axit itaconic, vinyl ete, vinyl
este, dan xudt styren, siloxan, cac polyme tinh thé 1ong chudi chinh va chudi
phu, mesogen tinh thé 16ng, dan xuét etylenimin, cac dan xuét axit maleic, cac
dan xuét axit fumaric, cic din xuét axit xinnamic khong dugc thé, cac din
xuét axit xinnamic ma duogc thé bang it nhit mot metyl, metoxy, xyano va
halogen, va cédc nhém hoéa tri mot hodic nhém héa tri hai d6i xung hodc khong
ddi xung dugc thé va khong dugce thé duogc chon tir céac géc steroit, cac géc
terpenoit, cac gbc alkaloit va hdn hop cia ching, trong dé cic nhém thé doc
lap dugc chon tu alkyl, alkoxy, amino, xycloalkyl, alkylalkoxy, floalkyl,

xyanoalkyl, xyanoalkoxy va hdn hop ciia ching.

Ngoai ra, mic du khong gi6i han & day, khi P 12 nhém c6 thé polyme
héa, nhém c6 thé polyme héa c6 thé 1a nhém chirc bat ky thich tmg véi tham
gia vao phan tng polyme héa. Céc vi du khéng gidi han vé cac phan tng
polyme hoa bao gdm céac phan ting dugc md ta trong dinh nghia vé “polyme
hoa” trong tai li€u Hawley’s Condensed Chemical Dictionary Thirteenth

Edition, 1997, John Wiley & Sons, trang 901-902, ma phan boc 1§ dugc két

hop & ddy bang cach tham chiéu. Vi du, mic du khong giéi han & day, cac
phén tng polyme héa bao gdm: “polyme héa bb sung”, trong d6 cac goc tu do
trong céc chit khoi mao ma phan ung véi lién két do6i cia monome béng cach

bd sung vao né trén mdt phia & cing mot thdi diém san xuat electron ty do
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méi trén phia khac; “polyme héa ngung tu”, trong d6 hai phén tir phan tmg két
hop d& tao ra phan tir 16n hon véi viéc loai bé phén tir nhod, nhu phén ti nudc;
va “polyme hoéa bat cip oxy héa”. Ngoai ra, cac vi du khong giéi han vé céc
nhém c6 thé polyme héa bao gdm hydroxy, acryloxy, metacryloxy, 2-
(acryloxy)etylcarbamyl, 2-(metacryloxy)etylcarbamyl, isoxyanat, aziridin,

allylcacbonat, va epoxy, ching han, oxiranylmetyl.

Theo mot s6 phuong 4n, P c6 thé dugc chon tir polyme tinh thé 1ong
chudi chinh ho#c chudi phu va mesogen tinh thé l1éng. Nhu duoc st dung
trong ban md ta nay, thuat ngit “mesogen” tinh thé 1dng c6 nghia 13 cic phan
tir tinh thé 16ng dang que hodc dang dia rin. Ngoai ra, nhu dugc sit dung trong
ban mé ta nay, thuit ngt “polyme tinh thé léong chudi chinh” ding & chi
polyme cé céc mesogen tinh thé long ndm trong két cdu truc chinh (vi du,
chudi chinh) ctia polyme. Nhu dugc st dung trong ban mo ta nay, thut ngit
“polyme tinh thé 16ng chudi phu” dung dé chi polyme cé cdc mesogen tinh thé
l6ng gén két v6i polyme & cac chudi phu. Mic du khong gi6i han & ddy, nhin
chung, cic mesogen dugc ndi voi hai hodc nhidu vong thom ma han ché su di
chuyén cua polyme tinh thé 16ng. Céac vi du vé cic mesogen tinh thé 1ong dang
que thich hop bao gdm ma khong giéi han: este thom dugc thé hoic khéng
duoc thé, cac hop chét thom tuyén tinh dugc thé hoic khong dugce thé, va cac
terphenyl duoc thé hoic khong duoc thé. Theo cac phuong an khong gidi han
cu thé khac, P c6 thé duoc chon tir steroit, vi du va ma khong giéi han, hop

chét cholesteolic.

Theo mét s§ phuong 4n theo sing ché, mdi chit kéo dai L cua céc
hop chét ludng séc ddi mau theo anh sang cia cac vat dung d6i mau theo anh
~ sang theo sang ché c6 thé doc 1ap dugce chon tir cdc nhom kéo dai duge bidu
hién bing cac Cong thuc tir L(1) dén L(37) sau day. L(1) 4-[4-(4-butyl-
xyclohexyl)-phenyl]-xyclohexyloxy

_O (CH2)3-CH3
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L(2) 4"-butyl-[1,1";4',1"]terxyclohexan-4-yloxy

o (CHp)3—CHj3

L(3) 4-[4-(4-butyl-phenyl)-xyclohexyloxycacbonyl]-phenoxy

0

L(4) 4'-(4-butyl-benzoyloxy)-biphenyl-4-cacbonyloxy

(0]
OO
(CH3)3—CHz
0]

L(5) 4-(4-pentyl-phenylazo)-phenylcarbamoyl

0]
H

L(6) 4-(4-dimetylamino-phenylazo)-phenylcarbamoyl
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0
CH;
/“\N N=N N<
b CH,

L(7) {4-[5-(4-propyl-benzoyloxy)-pyrimidin-2-yl]-phenyl} este
0]
N—
J\o—< >—<\ :/>—o
N }—Q‘(CHz)z-CHs
(0]

L(8) {4-[2-(4-metyl-biphenyl-4-cacbonyloxy)-1,2-diphenyl-etoxycacbonyl]-
phenyl} este

0 0
L(9) [4-(1,2-diphenyl-2-{3-[4-(4-propyl-benzoyloxy)-phenyl]-acryloyloxy} -

etoxycacbonyl)-phenyl] este
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L(10) 4-[4-(4-{4-[3-(6-{4-[4-(4-nonyl-benzoyloxy)-phenoxycacbonyl]-phenoxy}-
hexyloxycacbonyl)-propionyloxy]-benzoyloxy } -benzoyloxy)-phenyl]-piperazin-1-
yl

" NOO
\—/ °, o o 9
o 0, J\
7_ O—(CHy)e=
o (CHz) (CHz)s =0 OOO (CHa}r-CH
o

L(11) {4-[4-(4-{4-[4-(4-nonyl-benzoyloxy)-benzoyloxy]-benzoyloxy}-
benzoyloxy)-phenyl]-piperazin-1-yl}

_\_/'@'7_@_7_@%@‘

L(12) 4-(4'-propyl-biphenyl-4-ylethynyl)-phenyl

L(13) 4-(4-flo-phenoxycacbonyloxy)-piperidin-1-yl

O o O

L(14) 2-[17-(1,5-dimetyl-hexyl)-10,13-dimetyl-
2,3,4,7,8,9,10,11,12,13,14,15,16,17-tetradecahydro-1H-xyclopenta[a]phenanthren-
3-yloxy]-indan-5-yl

(CHz)s—CH;
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L(15) 4-[17-(1,5-dimetyl-hexyl)-10,13-dimetyl-
2,3,4,7,8,9,10,11,12,13,14,15,16,17-tetradecahydro-1H-xyclopenta[a]phenanthren-
3-yloxycacbonyloxy]-piperidin-1-yl

CH; CH;

CH;

L(16) 4-(biphenyl-4-cacbonyloxy)-piperidin-1-yl

SO

L(17) 4-(naphtalen-2-cacbonyloxy)-piperidin-1-yl

L(18) 4-hydroxy-piperidin-1-yl
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L(19) 4-(4-phenylcarbamoyl-phenylcarbamoyl)-piperidin-1-yl

0 Q O
NH
L(20) 4-(4-(4-phenylpiperidin-1-yl)-benzoyloxy)-piperidin-1-yl
()
SO N0
L(21) 4-butyl-[1,1";4°,1"’Jterphenyl-4-yl

L(22) 4-(4-pentadecafloheptyloxy-phenylcarbamoyl)-benzyloxy

~N

L (23) 4-(3-piperidin-4-yl-propyl)-piperidin-1-yl
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L(24) 4-(4-{4-[17-(1,5-dimetyl-hexyl)-10,13-dimetyl-
2,3,4,7,8,9,10,11,12,13,14,15,16,17-tetradecahydro-1H-xyclopenta[a]phenanthren-
3-yloxycacbonyloxy]-benzoyloxy } -phenoxycacbonyl)-phenoxymetyl

L(25) 4-[4-(4-xyclohexyl-phenylcarbamoyl)-benzyloxy]-piperidin-1-yl
- N\/:>7 O/\Q\H/ W
0)
L(26) 4-[4-(4-xyclohexyl-phenylcarbamoyl)-benzoyloxy]-piperidin-1-yl
0]
esaaw
0]
L(27) N-{4-[(4-pentyl-benzylitn)-amino]-phenyl}-axetamidyl

jL
(CHz)4—CHjs
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L(28) 4-(3-piperidin-4-yl-propyl)-piperidin-1-yl

L(29) 4-(4-hexyloxy-benzoyloxy)-piperidin-1-yl]

0]
_Ngo@owcm

L(30) 4-(4'-hexyloxy-biphenyl-4-cacbonyloxy)-piperidin-1-yl

@)

L(31) 4-(4-butyl-phenylcarbamoyl)-piperidin-1-yl

]
—N NH

L(32) bis-[1-Name cua nhom PC]-piperidin-4-yl] este cuia axit biphenyl-4,4'-

dicarboxylic

0] 0O
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L(33) 4-(4-(9-(4-butylphenyl)-2,4,8,10-tetraoxaspiro[5.5]undec-3-
yl)phenyl)piperazin-1-yl

OO

L(34) 4-(6-(4-butylphenyl)cacbonyloxy-(4,8-dioxabixyclo[3.3.0]oct-2-
yl))oxycacbonyl)pheny

(CH2)3—CHs

L(35) 1-{4-[5-(4-butyl-phenyl)-[1,3]dioxan-2-yl]-phenyl}-4-metyl-piperazin-1-yl

*®—< }—Q'(CHz)s CHa

L(36) 4-(7-(4-propylphenylcacbonyloxy)bixyclo[3.3.0]oct-2-
yl)oxycacbonyl)phenyl
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o 0
—Q)kom )'l\@’(CHz)Z-CHa
o)

L(37) 4-[17-(1,5-dimetyl-hexyl)-10,13-dimetyl-
2,3,4,7,8,9,10,11,12,13,14,15,16,17-tetradecahydro-1 H-xyclopenta[a]phenanthren-
3-yloxycacbonyloxy

Vi mot s6 phuong an khac, cac nhém kéo dai L (hodc chét) cua cac
hop chét ludng sic ddi mau theo anh séng cla cac vét dung ddi mau theo 4nh
sang theo sang ché c6 thé doc 1ap dwgc chon tir cac nhém kéo dai dugc biéu

hién bang cac Céng thirc tir L(a) dén L(u).

W :>\—©—<:>—<CH2>4-CH3
L(a) —O

2

0]

3y FHO-O- oo
O

_.O ,

L(b)

@)
C >
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3
>‘ < > < > (CH2)4-CH3
L(d) —0

b

o )
s Y H-o? LA emron
_O ,

L(e)

o)
Q J—@o— CH,),-OH

LH O ;

" —o)kczo@

ﬁ
o,

b

L(h)

L(i)
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L(k)

L(l)

L(m)

L(n)

L(o)

L(p)

27509

FsC

NH

O 3

o)
_NmN@O%(CHZ)4-CH3
—/ ,
H3C, o)
%(CH2)4'CH3
NH

(@)
NH
NH

b

—QNH
NH
& O //~—<:>—<___>—<CH2>4-CH3
O

3 () A O omen
—d 0 ,
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o . . OW(CH)CH
L O Q O ° ) 3,

—N N—< >—O 0
—/

L(r) ,
o) O—@—Q(CH2)4CH3
—N N4< >—o 0
L(S) —/ s
- o-O-Oromen
L(t) o , va

C O
! o
L(uw) o .

V&i cac phuong 4n bd sung khac, cac nhom kéo dai L (hodc chat) cua
c4c hop chat ludng sdc d6i mau theo 4nh sang cla cac vat dung doi mau theo

anh sang theo sang ché c6 thé doc 1ap duoc chon tir:

(4-trans-(4-pentylxyclohexyl)benzamido)phenyl;
(4-(4-trans-(4-pentylxyclohexyl)phenoxy)cacbonyl) phenyl;

4-(4-(4-trans-(4-pentylxyclohexyl)phenyl)benzamido) phenyl;
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4-((trans-(4'-pentyl-[1,1'-bi(xyclohexan)]-4-yl)oxy)cacbonyl)phenyl;

4-(4'-(4-pentylxyclohexyl)-[1,1'-biphenyl]-4-ylcarboxamido)phenyl;

4-((4'-(4-pentylxyclohexyl)-[1,1'-biphenyl]-4-cacbonyl)oxy)benzamido;

4-(4'-(4-pentylxyclohexyl)-[ 1,1'-biphenyl]-4-cacbonyl)piperazin-1-yl;

4-(4-(4-trans-(4-pentylxyclohexyl)phenyl)benzamido)-2-
(triflometyl)phenyl;

2-metyl-4-trans-(4-((4'-trans-(4-pentylxyclohexyl)biphenyl-4-

yloxy)cacbonyl)xyclohexancarboxamido)phenyl;

4'-(4'-pentylbi(xyclohexan-4-)cacbonyloxy)biphenylcacbonyloxy;

4-(((3S,8S,9S,10R,13R,14S,17R)-10,13-dimetyl-17-((R)-6-metylheptan-
2-y)-2,3,4,7,8,9,10,11,12,13,14,15,16,17-tetradecahydro-1H-
xyclopenta[a]phenanthren-3-yloxy)cacbonyl)piperazin-1-yl; va

4-((S)-2-metylbutoxy)phenyl)-10-(4-(((3R,3a8S,6S,6aS)-6-(4'-trans-
(4-pentylxyclohexyl)biphenylcacbonyloxy)hexahydrofuro[3,2-b]furan-3-
yloxy)cacbonyl)phenyl.

Céc vi du khong gidi han vé céc pyran doi mau theo anh sang thuén

nghich vé& nhiét ma & d6 nhém ddi mau theo anh sang (photochromic - PC),

-75-



27509

cia hop chét ludng sic d6i mau theo anh sang, c6 thé dugc chon bao gbdbm
benzopyran, naphtopyran, ching han, naphto[1,2-b]pyran, naphto[2,1-b]pyran,
naphtopyran dung hop indeno, nhu cc phan boc 1§ trong Bing sang ché Hoa
Ky s 5,645,767, va naphtopyran dung hop di vong, nhu céc phén bdc 16 trong
cac Bang sang ché Hoa Ky s6 5,723,072, 5,698,141, 6,153,126, va 6,022,497,
ma dugc két hop & day bang cach tham chiéu; spiro—9-floeno[1,2-b]pyran;
phenanthropyran; quinopyran; floanthenopyran; spiropyran, ching han,
spiro(benzindolin)naphtopyran, spiro(indolin)benzopyran,
spiro(indolin)naphtopyran, spiro(indolin)quinopyran va spiro(indolin)pyran.
Céac vi du cu thé hon vé& naphtopyran va chét nén ddi mau theo 4nh séng hitu
co bd sung dugc mo ta trong Bing sang ché Hoa Ky s6 5,658,501, ma duoc
két hop cu thé & day bang cach tham chiéu. Spiro(indolin)pyran cling dugc md

td trong tai li€u, Techniques in Chemistry, Volume III, “Photochromism”,

Chuong 3, Glenn H. Brown, Editor, John Wiley and Sons, Inc., New York,
1971, ma dugc két hop & ddy bang cach tham chiéu.

Céac vi du khong gidi han vé oxazin ddi mau theo 4nh sang ma & dé
PC c6 thé dugc chon bao gém benzoxazin, naphtoxazin, va spiro-oxazin,
ching han, spiro(indolin)naphtoxazin, spiro(indolin)pyridobenzoxazin, -
spiro(benzindolin)pyridobenzoxazin, spiro(benzindolin)naphtoxazin,
spiro(indolin)benzoxazin, spiro(indolin)floanthenoxazin, va
spiro(indolin)quinoxazin. Céc vi du khong gidi han vé fulgit d6i mau theo anh
sang ma & d6 PC c6 thé dugc chon bao gém: fulgimit, va 3-furyl va 3-thienyl
fulgit va fulgimit, ma dugc bdc 16 trong Bing sang ché Hoa Ky s 4,931,220
(ma dugc két hop cu thé & day béng cach tham chiéu) va cac hdn hgp cta céc

vat lidu d6i mau theo anh sang/céc hop chét bt ky di néu trén.

Theo mdt sé phuong 4n, hop chit ludng sic d6i mau theo 4nh sing
c6 thé bao gdm it nhat hai hop chit ddi mau theo 4nh sang (PCs), trong d6
truong hop ma PCs c6 thé dwgc lién két voi nhau qua viéc lién két nhom cac
nhom thé trén PCs ri€éng bigt. Vi dy, PCs c6 thé 1a cac nhém ddi mau theo anh

sang c6 thé polyme héa hodc cidc nhém ddi mau theo anh sdng ma dugc thich
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hop dé twong thich vé6i vat liéu chu (“nhém ddi mau theo 4nh sang dugc lam
tuong thich”). Cac vi du khong gii han vé cic nhom dbi mau theo anh sang
¢ thé polyme héa ma & d6 PC c6 thé duoc chon va ma 1a hiru dung két hop
v6i cac phuong an khong gidi han khac nhau dugc bdc 1§ trong ban md ta nay
dugc boc 16 trong Bing sang ché Hoa Ky s6 6,113,814, ma dugc két hop cu
thé & day bang cach tham chiéu. Céc vi du khong gi6i han vé& c4c nhom dbi
mau theo 4nh sang dugc lam twong thich ma & d6 PC c6 thé duoc chon va ma
13 hitu dung két hop véi cac phuong &4n khong gidi han khac nhau dugc boc 16
trong ban md ta nay dugc bdc 16 trong Bing sang ché Hoa Ky sb 6,555,028,

ma dugc két hop cu thé & day bang cach tham chiéu.

Céc nhém ddi mau theo anh sang va cic nhém ddi mau theo 4nh sang
b6 sung thich hop khac dugc md ta trong cic Bing sang ché Hoa Ky s
6,080,338 & cot 2, dong 21 dén cot 14, dong 43; 6,136,968 & cot 2, dong 43
dén cot 20, dong 67; 6,296,785 & cot 2, dong 47 dén cot 31, dong 5; 6,348,604
& cot 3, dong 26 dén cot 17, dong 15; 6,353,102 & cot 1, dong 62 dén cot 11,
dong 64; va 6,630,597 & cot 2, dong 16 dén cot 16, dong 23; ph:‘?ln bdc 10 cla

cac Bing sang ché nay duoc két hop & day bing cach tham chibu.

Ngoai ra d6i véi it nhat mot chét kéo dai (L), cac hop chat d6i mau
theo 4nh sdng c6 thé con bao gdm it nhit mot nhém dugc biéu hién bing R!
ma lién két truc tiép vdi PC. Mac du khong dugce yéu cdu, nhu thao ludn &
trén, it nhat mot chit kéo dai (L) c6 thé lién két khong truc tiép thong qua it
nhit mot nhém duge bidu hién bang Rl D6 13, L c6 thé 1a nhém thé trén it

nh4t mot nhém R! ma dugce lién két véi PC.

Theo cac phuong &n khong gidi han khéc nhau dugce bdc 1§ trong ban
md ta nay, mdi R! c¢6 thé doc 1ap dugc chon cho mdi 1an xuét hién tur, (i)
hydro, Ci-Ci2 alkyl, C2-Ci2 alkylitn, C2-Ci2 alkylidyn, vinyl, C3-C7 xycloalkyl,
C1-C12 haloalkyl, allyl, halogen, va benzyl ma khéng duoc thé hodc dugc thé

mdt 1an bang it nhit mot trong s6 Ci-Crz alkyl va Ci1-Ciz alkoxy.

Vi mot sé phuong 4n, mdi R! ¢6 thé doc 1ap dugc chon cho mdi 14n

xuét hién tvr, (i) phenyl ma duogc thé mot 1an & vi tri para béng it nhat mot
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nhém thé duge chon tir: C1-C7 alkoxy, Ci1-Cao alkylen chudi tuyén tinh hoic
phan nhanh, C1-Cs polyoxyalkylen chudi tuyén tinh hodc phan nhanh, C3-Czo
alkylen vong, phenylen, naphtylen, phenylen duoc thé Ci1-Cs alkyl, mono-
hodc poly-uretan(Ci-Cao)alkylen, mono- hodc poly-este(Ci-Cao)alkylen,
mono- hodc poly-cacbonat(Ci-Cao)alkylen, polysilanylen, polysiloxanylen va
hdn hop cua chung, trong d6 it nhat mot nhém thé dugc lién két v6i nhém aryl

cua vat liéu ddi mau theo anh sang.

Theo céc phwong an bd sung, mdi R! c6 thé doc 1ap dugc chon cho
mdi 14n xudt hién tir, (iii) -CH(CN), va -CH(COOX)2, trong d6 X1 dugc chon
tir it nhat mot trong s6 chét kéo dai L dugc bidu hién bing Cong thirc I néu
trén, H, C1-C12 alkyl ma khong dugc thé hodc duge thé mot 1an bang phenyl,
phenyl(Ci-Ci2)alkyl ma dwgc thé mot lan bang Ci1-Ciz alkyl hodc Ci-Cr
alkoxy, va nhom aryl group ma khéng duoc thé, dugc thé mot 1an hoidc hai
14n, trong d6 mdi nhoém thé aryl dwgc doc 148p duge chon tir C1-Ciz alkyl va Ci-
Ci2 alkoxy.

Theo cac phuong an khac, mdi R! c6 thé doc 14p duge chon cho mdi

14n xuét hién tir, (iv) -CH(X2)(X3), trong d6:
(A) X2 dugce chon tur it nhét mot trong s6 chit kéo dai L dugc biéu hién b?mg
Cong thic I néu trén, hydro, Ci-Ci2 alkyl va nhom aryl ma khong duoc
thé, duoc thé mot 14n hoic hai 14n, trong d6 m&i nhém thé aryl duoc doc

1ap dugc chon tir Ci-Cr2 alkyl va Ci-Ciz alkoxy; va

(B) X3 duoc chon tir it nhét mot trong s6 -COOX, -COXi, -COX4, va
-CH>OXs, trong d6:

(1) X4 dugc chon tir it nhit mot trong s6 morpholino, piperidino,
amino ma khong duogc thé, dugc thé mot 14n hodc hai l4n bing
C1-C12 alkyl, va nhém khong dugc thé, duge thé mot 1an hogc hai

14n dugc chon tir phenylamino va diphenylamino, trong d6 mdi
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nhém thé duge doc 1ap duge chon tir Ci-Ciz alkyl hodc Ci-Ciz

alkoxy; va

(2) Xs duge chon tir chit kéo dai L dugc bidu hién bing Cong thirc I
néu trén, hydro, -C(0)Xz, Ci-Ci2 alkyl ma khong duoc thé hodc
dugc thé mot 14n bing (Ci-Ciz)alkoxy hodc phenyl, phenyl(Ci-
Ciz)alkyl ma duoc thé mot 14n bang (Ci-Ci2)alkoxy, va nhém aryl
ma khong duoc thé, duoc thé mét 14n hoic hai lan, trong d6 mdi
nhom thé aryl duoc doc 1ap duge chon tir C1-Crz alkyl va Ci-Ciz
alkoxy;

Theo.cac phuong 4n bd sung khac, mdi R! c6 thé ddc 1ap duogc chon
cho mdi 14n xuét hién tir, (v) nhém aryl khong dugc thé, dugc thé mot lan, hai
14n, ba lan, nhu phenyl, naphtyl, phenanthryl, hodc pyrenyl; 9-julolidinyl;
hodc nhom heteroaromatic khong dugc thé, duoc thé mot 14n hoic hai 1an
dugc chon tir pyridyl, furanyl, benzofuran-2-yl, benzofuran-3-yl, thienyl,
benzothien-2-yl, benzothien-3-yl, dibenzofuranyl, dibenzothienyl, carbazoyl,
benzopyridyl, indolinyl, va floenyl; trong d6 cac nhém thé doc 1ap dugce chon

cho mdi 1an xuét hién tir:
(A) chét kéo dai L dugc biéu hién bang Cong thirc I néu trén;

(B) -C(0)Xs, trong d6 Xe duge chon tir it nhit mot trong sd: chit kéo dai L
dugc biéu hién bang Coéng thirc I néu trén, H, Ci-Ci2 alkoxy, phenoxy
ma khong dugc thé, dugc thé mot 14n ho#c hai 14n bang Ci-Ci2 alkyl
hoic Ci-Ci2 alkoxy, nhém aryl ma khong dugc thé, dugc thé mot lan
ho#ic hai 14n bing Ci-Ci2 alkyl hodc Ci-Ci2 alkoxy, nhém amino group
ma khong dugc thé, dugc thé mot 14n hodc hai lan bing Ci-Ci2 alkyl, va
nhom phenylamino ma khong duoc thé, duoc thé mot 14n hoidc hai lAn
bing Ci-Ci2 alkyl hogc Ci-C12 alkoxy;

(C) aryl, haloaryl, C3-C7 xycloalkylaryl, va nhém aryl group ma dugc thé
mot 14n hodc hai 1an bﬁng C1-C12 alkyl hodc C;-Cr2 alkoxy;
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(D) Ci-Cyz alkyl, C3-C; xycloalkyl, C3-C; xycloalkyloxy(Ci-Ci2)alkyl,
aryl(Ci-Crp)alkyl, aryloxy(Ci-Ciz)alkyl, mono- hodc di- (Ci-
Ci)alkylaryl(Ci-Ciz)alkyl, mono- hoac di- (Ci-Ciz2)alkoxyaryl(Ci-
Ciz)alkyl, haloalkyl, va mono(Ci-Ciz)alkoxy(Ci-Ci2)alkyl;

(E) Ci-Ci2 alkoxy, Cs3-C; xycloalkoxy; xycloalkyloxy(Ci-Ciz2)alkoxy;
aryl(Ci-Cr2)alkoxy, aryloxy(Ci-Ciz)alkoxy, mono- hodc di- (Ci-
Cri2)alkylaryl(Ci-Ciz)alkoxy, va mono- hodc di- (Ci-Ciz)alkoxyaryl(Ci-
Cr2)alkoxy;

(F) amido, amino, mono- hodc di-alkylamino, diarylamino, piperazino, N-
(Ci-Cr2)alkylpiperazino, = N-arylpiperazino,  aziridino,  indolino,
piperidino, = morpholino,  thiomorpholino,  tetrahydroquinolino,
tetrahydroisoquinolino, pyrolidyl, hydroxy, acryloxy, metacryloxy, va

halogen;
(G) -OX7 va -N(X7)2, trong d6 X7 dugc chon tur:

(1) chit kéo dai L duoc bidu hién bing Cong thirc I néu trén, hydro, Ci-
Crzalkyl, Ci-Cr2 axyl, phenyl(C1-Ci2)alkyl, phenyl(Ci-Ciz)alkyl duge
thé mono(C1-Cr2)alkyl, phenyl(Ci-Ciz)alkyl duoc thé mono(Ci-Cr2
Jalkoxy; Ci-Ci2 alkoxy(Ci-Ci2)alkyl; Cs3-C7 xycloalkyl; Cs-Cq
xycloalkyl dugc thé mono(Ci-Ciz)alkyl, Ci-Ci> haloalkyl, allyl,
benzoyl, benzoyl dugc thé mot 14n, naphtoyl hodc naphtoyl duoc thé
mdt 14n, trong d6 mdi trong s6 cic nhém thé benzoyl va naphtoyl
duoc doc 1ap duge chon tir Ci-Ci2 alkyl, va Ci-Ci2 alkoxy;

(2) -CH(X38)Xo, trong d6 Xg dugc chon tir chét kéo dai L dugc bidu hién
b?mg Cong thirc I néu trén, H hodc Ci-Ci2 alkyl; va Xo dugce chon tir
chét kéo dai L dugc biéu hién béng Cong thire I néu trén, -CN, -CFs3,
hodc -COOXo, trong d6 X0 dugc chon tir chét kéo dai L duoc bidu
hién bing Cong thirc I néu trén, H hogc C1-Ci2 alkyl;

(3) -C(0)Xe; va
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(4) tri(C1-Cro)alkylsilyl,  tri(Ci-Ciz)alkoxysilyl, di(Ci-Ci2)alkyl(Ci-
Cizalkoxy)silyl, hodc di(Ci-Ciz)alkoxy(Ci-Ci2 alkyl)silyl;

(H) -SXi1, trong d6 X11 dugc chon tir chét kéo dai L duge bidu hién bing

Cong thuc I néu trén, C1.Cr2 alkyl, nhém aryl ma khéng dugc thé, hoic

duge thé mot 14n hoic hai 14n bing Ci.Ciz alkyl, Ci.Ci2 alkoxy hodc

halogen;

(D nito chira vong duoc biéu hién bing Cong thie I:

M
ol

n

trong do:

(Dnla s6 nguyén dugc chon tir 0, 1, 2, va 3, véi diéu kién 1a néu n
béng 0, U’ 1a U, va mdi U ddc 1ap duogc chon cho mdi 14n xuét
hién tir -CHz-, -CH(X12)-, -C(X12)2-, -CH(X13)-, -C(X13)2-, va -
C(X12)(X13)-, trong d6 X1 dugc chon tir chét kéo dai L dugc biéu
hién bing Céng thirc I néu trén va Ci-Cr2 alkyl, va X13 duge chon
tir chit kéo dai L dugc bidu hién bﬁng Cong thuc I néu trén,

phenyl va naphtyl, va

(2) U’ dugce chon tir U, -O-, -S-, -S(0O)-, -NH-,-N(X12)- hodc -N(Xi3)-,
vam 1a sb nguyén dugc chon tr 1, 2, va 3, voi diéu kién 1a khi n

bang 0, m dugc chon tr 2 hodc 3; va

(J) nhém dugce biéu hién bing mot trong s& cac Cong thirc ii hodc iii:

\ |

N .. N
14
o, o,
X1s

X1s i X1 iii
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trong d6 Xi4, Xis, va Xi6 doc lap dugce chon cho mdi 14n xudt hién tir
chét kéo dai L duoc biéu hién bing Cong thirc I néu trén, C1-Crz
alkyl, phenyl va naphtyl, hodc X4 va Xi5 cung nhau tao ra vong c6 5
dén 8 nguyén tir cacbon; p 1a sb nguyén dugc chon tir 0, 1, hoic 2, va
X17 doc 1ap duoc chon cho mdi 14n xudt hién tir chit kéo dai L dugc
biéu hién bang Céng thirc I néu trén, Ci-Cr2 alkyl, C1-Ci2 alkoxy va

halogen.

Vi mot s6 phwong 4n, m3i R! ¢6 thé doc 1ap duge chon cho mdi 1an
xut hién tir, (vi) nhém khong duoc thé hoac duoc thé mot 14n duogc chon tir
pyrazolyl, imidazolyl, pyrazolinyl, imidazolinyl, pyrolidinyl, phenothiazinyl,
phenoxazinyl, phenazinyl va acridinyl, trong d6 m&i nhém thé ddc lap duoc
chon tir chit kéo dai L duoc biéu hién bang Cong thirc I néu trén, C1-Ciz

alkyl, C1-Ci2 alkoxy, phenyl, hydroxy, amino va halogen.

Theo céic phuong an khac, mdi R! ¢6 thé doc 14p duoc chon cho mbi
p g p

14n xuét hién tur, (vii) nhém dugc biu hién béng mot trong sb Cong thic iv

7 V'\ X18 V! X4s
A A [}C[“IX”
X2y v U=l v

Véi sy tham chiéu dén cac Cong thirc iv va v,

hoac v:

(A) V’ doc 1ap duge chon trong mdi cdng thic tlt -O-, -CH-, Ci-Cs alkylen,
va C3-C7 xycloalkylen,

(B) V doc lap dugc chon trong mdi cong thie tir -O- hodc -N(Xa1)-, trong d6
Xa1 14 tir chét kéo dai L duoc biéu hién bing Cong thirc I néu trén,
hydro, Ci-Crz alkyl, va Cp-Ci2 axyl, v6i didu kién 13 néu V 1a -
N(Xa21)-, V’ 12 -CHy-,

(C) mdi X1z va Xio doc 1ap dugc chon tir chit kéo dai L duge biéu hién bing

Cong thirc I néu trén, hydro va Ci-Ci2 alkyl, va
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(D) k duoc chon tir 0, 1, va 2, va mdi Xz0 doc 14p duge chon cho mdi lan
xudt hién tir chit kéo dai L duoge biéu hién béng Cong thirc I néu trén,

C1-C12 alkyl, C1-Cy2 alkoxy, hydroxy va halogen;

Theo mot sb phuong an khéc, mdi R! ¢ thé ddc 1ap dugc chon cho
mdi 14n xuét hién tir, (viii) nhém dugc biéu hién béng Cong thuece vi:
N
C=C

X22 X23 vi
V6i sy tham chiéu dén Cong thuec vi,

(A) X22 dugc chon tir chét kéo dai L dugc biéu hién béng Cong thirc I néu

trén, hydro va C1-Ci2 alkyl, va

(B) X23 dugc chon tur chét kéo dai L dugc biéu hién béng Cong thirc I néu
trén hodc nhém duoc thé hai 14n hodc mét 1an hodc khong duoc thé
dugc chon tir naphtyl, phenyl, furanyl va thienyl, trong d6 mdi nhém
thé doc 1ap duoc chon cho mdi 14n xuét hién tir Ci-Ciz alkyl, Ci-Ci

alkoxy, va halogen.

V6i mot sé phuong an bd sung, m&i R! ¢6 thé dc 1ap dwoc chon cho
mdi 1an xuét hién tir, (ix) —~C(0)Xaq, trong d6 Xa4 duge chon tir chét kéo dai L
dugc bidu hién bing Coéng thic I néu trén, hydroxy, Ci-Ci2 alkyl, Ci-Ci2
alkoxy, phenyl 1a khong duogc thé hodc dugc thé mot 1dn bing Ci-Cr2 alkyl -
hodc Ci-Ci2 alkoxy, amino 1a khong dugc thé, duoc thé mot 14n hoic hai 1an

bang it nhit mot trong s6 C1-C12 alkyl, phenyl, benzyl, va napthyl.

Vé&i mot sb phuong 4n bd sung khéac, mdi R! ¢6 thé doc lap duoc
chon cho mdi 14n xuét hién tir: (x) -OX7 va -N(X7)2, trong d6 X7 la nhu dé néu
& trén; (xi) -SX11, trong d6 X1 1a nhu d néu & trén; (xii) nito chia vong duge
biéu hién bang Céng thirc iv, ma nhu dd néu ¢ trén; va (xiii) nhém duge biéu

hién bing mot trong sd cac Cong thirc v hodc vi, ma dugce néu trén; va

Theo mdt sb phuong an bd sung khac, mdi R! c6 thé doc lap duogc

chon cho mdi 14n xuit hién tlr, (xiv) c4c nhom R! lién ké ngay l4p tlrc clng
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nhau tao ra nhém duoc biéu hién bang mét trong sd cdc Cong thirc vii, viii, va

W .
Xy / j

Véi su tham chiéu dén Cong thirc vii, viii, va ix,

ix:
X14 W R | \ R
Ij o
. X
vii X’ W i [ ix
(A) W va W’ doc 1ap duoc chon cho mdi 1an xuét hién tir -O-, -N(X7)-,
-C(X14)-, -C(X17)-, (trong d6 X7, X1a, va X17 1a nhu d4 néu ¢ trén),

(B) X4, X15 va X17 1a nhu da néu & trén, va
©qla ) nguyén dugc chon tir 0, 1, 2, 3, va 4.

Theo mét sé phuong 4n, hop chit ludng sdc ddi mau theo anh sdng

c6 thé 14 pyran d6i mau theo 4nh séng ma dugc biéu hién bing Céng thic IL.

. X
g
© B I

Vé6i su tham chiéu dén Cong thic II, A 13 vong thom hogc vong thom dung hop
dugc chon tir: naphto, benzo, phenanthro, floantheno, antheno, quinolino, thieno,
furo, indolo, indolino, indeno, benzofuro, benzothieno, thiopheno, naphto dung hop

indeno, naphto dung hop di vong, va benzo dung hop di vong.

Tham chiéu tiép dén Céng thuc II, mdi B va B’ ¢ thé doc 1ap duogc
chon tir, (i) hydro, Ci-Ci2 alkyl, C2-C12 alkylitn, C2-Ci2 alkylidyn, vinyl, C3-C7
xycloalkyl, C1-Ci2 haloalkyl, allyl, halogen, va benzyl ma khong dugc thé
hodc dugce thé mot 1an béng it nhat mot trong sb C1-C1z alkyl va Ci-Ciz alkoxy.

MS3i nhém B va B’ cua Cong thic II ¢ thé doc lap va dugc chon tu,
(ii) phenyl ma dugc thé mot 14n & vi tri para bang it nh4t mot nhém thé duge
chon tu: Ci-C7 alkoxy, C1-Czo alkylen chudi théng hodc phén nhanh, Ci-Cs4
polyoxyalkylen chudi thing hodc phan nhanh, Cs3-Czo alkylen vong, phenylen,
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naphtylen, Ci-Cs alkyl duogc thé phenylen, mono- hodc poly-uretan(Ci-
Cao)alkylen, mono- hodc poly-este(Ci-Cyo)alkylen, mono- hodc poly-
cacbonat(Ci-Cao)alkylen, polysilanylen, polysiloxanylen va hdn hop cua
ching, trong dé it nhét mét nhém thé dugc lién két véi nhém aryl cua vat li¢u

doi mau theo anh sang.

M&i nhém B va B’ cia Cong thic II ¢6 thé doc 1ap va dugc chon tu:
(iii) -CH(CN)2 va -CH(COOX1)2, trong d6 X la nhu da néu & trén; va (iv) -
CH(X2)(X3), trong d6 Xz va X3 1a nhu da néu & trén.

M&3i nhém B va B’ ciia Cong thire 11 ¢6 thé doc lap va dugc chon tir,
(v) nhém aryl khong duogc thé, duoc thé mot 1an, hai 14n hodc ba lan, nhu
phenyl, naphtyl, phenanthryl, hodc pyrenyl; 9-julolidinyl; hodc nhdém
heteroaromatic khong dugc thé, duoc thé mot 14n hodc hai 1an duge chon tir
pyridyl, furanyl, benzofuran-2-yl, benzofuran-3-yl, thienyl, benzothien-2-yl,
benzothien-3-yl, dibenzofuranyl, dibenzothienyl, carbazoyl, benzopyridyl,
indolinyl, va floenyl. Mdi nhém thé co thé doc lap duogc chon cho mdi 1an
xuat hién tur:

(A) chét kéo dai L duoc biéu hién bing Cong thiic I néu trén;

(B) -C(0)Xs, trong d6 Xe1a nhu da néu & trén;

(C) aryl, haloaryl, C3-C7 xycloalkylaryl, va nhém aryl group ma dugc thé
mot 14n hozc hai 14n bing Ci-Ciz alkyl hodc Ci-Ci2 alkoxy;

(D) Ci-Cr2 alkyl, C3-C7 xycloalkyl, C3-C7 xycloalkyloxy(Ci-Ci2)alkyl,
aryl(Ci-Ci2)alkyl, aryloxy(Ci-Ciz)alkyl, mono- hodc di- (Ci-
Ciz)alkylaryl(Ci-Ci2)alkyl, mono- hodc di- (Ci-Ciz)alkoxyaryl(Ci-
Ci2)alkyl, haloalkyl, va mono(C:-Ciz)alkoxy(Ci-Ci2)alkyl;

(E) Ci-Ci2 alkoxy, C3-C7; xycloalkoxy; xycloalkyloxy(Ci-Ciz)alkoxy;
aryl(Ci-Crz)alkoxy, aryloxy(Ci-Ciz)alkoxy, mono- hodc di- (Ci-
Cr2)alkylaryl(Ci-Cr2)alkoxy, va mono- hodc di- (Ci-Ciz)alkoxyaryl(Ci-
Ciz2)alkoxy;
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(F) amido, amino, mono- hodc di-alkylamino, diarylamino, piperazino, N-
(Ci-Crz)alkylpiperazino,  N-arylpiperazino,  aziridino,  indolino,
piperidino, = morpholino,  thiomorpholino,  tetrahydroquinolino,
tetrahydroisoquinolino, pyrolidyl, hydroxy, acryloxy, metacryloxy, va

halogen;
(G) -OX7 va -N(X7)2, trong d6 X7 1a nhu da néu & trén;
(H) -SXi1, trong d6 Xi1 14 nhu da néu & trén;

(D) nito chira vong dugc biéu hién bang Cong thirc I, ma nhu da néu & trén;

va

(J) nhém dugc biéu hién bang mot trong sd cac Cong thirc ii hodc iii, ma

duogc néu trén.

Mbi nhém B va B’ ctia Cong thirc II c6 thé doc lap va dugce chon tir,
(vi) nhém khoéng dugce thé hodc dugc thé mot 14n dugce chon tir pyrazolyl,
imidazolyl,  pyrazolinyl, imidazolinyl,  pyrodlinyl, = phenothiazinyl,
phenoxazinyl, phenazinyl, va acridinyl, trong d6 mdi nhém thé doc 1ap duoc
chon tir chét kéo dai L, C1-Cr2 alkyl, C1-C12 alkoxy, phenyl, hydroxy, amino
ho#ic halogen; (vii) nhém dugc biéu hién bing mot trong sb céc Cong thire iv
ho#ic v, ma dugc néu trén; va (viii) nhém dwgc biéu hién bing Cong thic vi,

ma nhu d3 néu ¢ trén.

Theo mot s& phwong 4n thay thé, B va B’ c6 thé cling nhau tao ra: (a)
floen-9-ylitn khong dugc thé, dugc thé mot 14n hodc hai l4n, trong d6 mdi
trong cac nhom thé floen-9-ylitn duge chon tir C1-Cs alkyl, C1-Cs alkoxy, flo
va clo; (b) vong hydrocacbon don vong xoidn C3-Ci2 no, chang han,
xyclopropylitn, xyclobutylitn, xyclopentylitn, xyclohexylitn, xycloheptylitn,
xyclooctylitn, xyclononylitn, xyclodecylitn xycloundecylitn, xyclododexylitn;
(c) vong hydrocacbon hai vong xoin C7-Ci2 no, ching han,
bixyclo[2.2.1]heptylitn, vi du, norbornylitn, 1,7,7-trimetyl
bixyclo[2.2.1]heptylitn, vi du, bornylitn, bixyclo[3.2.1]octylitn,
bixyclo[3.3.1]nonan-9-ylitn,  bixyclo[4.3.2Jundexan; hodc (d) vong
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hydrocacbon ba vong X0én C7-Cq12 no, ching han,

trixyclo[2.2.1.0>6]heptylitn, trixyclo[3.3.1.137]decylitn, vi dy, adamantylitn,
va trixyclo[5.3.1.12®]dodexylitn. Ngoai ra, theo cidc phuong 4n khong gi6i han
khac nhau dugc thao luan chi tiét hon dudi day, Bva B’ c6 thé cung nhau tao
ra indolino hodc benzoindolino ma khdng dugc thé hodc dugc thé béng it nhét

mot nhém duge bidu hién bang R2.

Tham chiéu tiép dén Cong thic II, theo cac phuong 4n khong giédi
han khéc nhau, chi s& duéi (i) c6 thé 12 s& nguyén dugc chon tir 0 dén téng sd
vi tri ¢6 s&n trén Vong -A, va mdi R? ¢ thé doc 14p duoc chon cho mdi 1an
xuét hién tir: (i) chit kéo dai L dugc biéu hién bang Coéng thic I (trén); va (ii)
nhém dugc biéu hién béng R! (néu trén); voi diéu kién 1a hop chét ludng séc
d6i mau theo anh sang duoc biéu hién béng Cong thuc II bao gém it nhat mot

chit kéo dai (L) dwoc biéu hién bang Cong thuc I néu trén.

Vi dy, va tham chibu tiép dén Cong thirc II, chi s6 dudi (i) c6 thé 1a it
nhét 1 va it nhit mot trong s6 cac nhém R? c6 thé 1a chét kéo dai L. Ngoai ra
hodic theo cach khac, hop chét ludng sic ddi mau theo 4nh sing cé thé bao
gém it nhdt mot nhém R2, it nht mot nhom B, hodc it nhdt mot nhém B’ ma
dwoc thé bing chit kéo dai L. Vi du, va khéng gidi han, L c6 thé lién két truc
tiép véi nhém pyran, vi du, trong d6 chi sb dudi (i) 1a it nhdt 1 va R?1a L,
hodc né c6 thé lien két gién tiép v6i nhom pyran, vi dy, nhu nhém thé trén
nhém R?, B, hodc B’ sao cho L kéo dai nhém pyran & trang thai dugc kich
hoat sao cho tdc do hép thu cta hop chit ddi mau theo anh séng dugc nang
cao si v&i nhém pyran khong duge kéo dai. Vi dy, mdc du khong giéi han &
day, nhém B hodc B’ c6 thé 1a nhém phenyl ma dugce thé mot 1an bang chét
kéo dai L.

Theo mot sb phuong 4n, hop chit ludng sic déi mau theo anh sng

¢6 thé 1a naphto [1,2-b] pyran dugc biéu hién bing Cong thirc III sau day:
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V6i su tham chiéu dén Céng thuc III: (a) it nhit mot trong s6, nhém thé R? & vi trf
6, nhém thé R? & vi tri 8, va/hodc B va B’ bao gém chit kéo dai L; hoic (b) nhém
thé R? & vi tri 6 cling v6i nhom thé R? & vi tri 5 tao ra nhom duge biéu hién bing

mdt trong sd cac Cong thirc x dén Cong thic xiv,

X2s
R R? Re _N_ _O
\r/
R? -
K K\ Z--
xi
X
X X
X5 K o 27 27
\r\;/r X6 0
K'<  _Z*--. I
- /T
i K26 :
xii xiii Xiv

Vi sy tham chiéu dén cac Cong thirc x dén Cong thuc xiv, K dugc
chon tir -O-, -S-, -N(X7)-; va C khong dugc thé hodc C dugc thé béng alkyl,
hydroxy, alkoxy, oxo, hodc aryl; K’ 1a -C-,-O-, hodc -N(X7)-; K*’ dugc chon
tir -O- hodic -N(X7)-; X25 12 nhém dugc bidu hién bang R? (ma nhu da néu chi
tiét & trén); X266 thé duoc chon tir hydro, alkyl, aryl, hodc cung nhau tao ra
benzo hodc naphto; va mdi X»7 dugce chon tir alkyl va aryl hodc cung la oxo;
vGi didu kién 13 it nhit mot trong s8: nhom thé R2 ¢ vi tri 8, X25, K, K’, K, B

hoidc B’ bao gdm chét kéo dai L.
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V&i mot sé phuong 4n, va tham chiéu tiép dén Cong thuc II, (c)
nhém thé R? & vi tri 6 cing v6i nhom thé R? & vi tri 7 tr nhém thom duge
chon tir benzeno va naphto, v6i didu kién 12 it nht mot trong s6: nhom thé R2

& vi tri 8, B va B’ bao gdm chéat kéo dai L.

V&i mot sb phuong an khéac, hop chit ludng sic d6i mau theo anh

sang c6 thé 1a naphto dung hop indeno [1,2-b] pyran dugc biéu hién bing
Cong thuc IV:

Véi su tham chiéu dén Cong thic IV, K 12 nhu d8 néu & trén, va it nhét mot trong
s6: nhém thé R2 & vi tri 11, nhom thé R? & vi tri 7, K, B va B’ bao gdm chét kéo dai
L. Theo mot sb phuong 4n khac, it nhét trong s6, nhom thé R? ¢ vj tri 11, va nhém
thé R2 & vi tri 7, 14 chét kéo dai L.

Vé&i cac phuong én khéc, hop chét ludng sic d6i mau theo 4nh sang

¢6 thé 14 naphto [2,1-b] pyran dugc bilu hién bang Cong thitc V sau day:

Véi su tham chibu dén Cong thuc V, it nhat mot trong sb, nhém thé
R2 & vi tri 6, nhém th& R? & vi tri 7, B, va B, bao gdm chét kéo dai L. Theo
mét sd phuong 4n khéc, va tham chibu tiép dén Cong thuc V, it nhit mot trong

s6, nhom thé R2 & vi tri 6, va nhém thé R? & vi tri 7, 1a chét kéo dai L.
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Ngoai ra, theo cac phuong an khong giéi han khéac nita, hop chét
ludng sic d6i mau theo anh sang cé thé 12 benzopyran dugc biéu hién bang
Cong thac VI:

R2

R2

R2 VI

V6i su tham chiéu d¢én Céng thire VI: (a) it nhit mot trong sd, nhém
thé R? ¢ vi trf 5, nhom thé R? & vi tri 7, B hodic B’ bao gdbm chét kéo dai L;
hodc (b) it nhit mot trong s, nhém th& R ¢ vi tri 5 va nhém thé R% & vi tri 7,
cing v6i nhém thé R?1ién k&, (vi dy, nhém th8 R2 ¢ vi tri 7 cling v6i nhém thé
R2 & vi tri 6 hodc 8, hodc nhom thé R2¢ vi tri 5 ciing v6i nhém thé R & vi tri 6)
ngay l4p tic tao ra nhém dugc biéu hién bing Cong thirc x dén xiv (nhu néu
trén), v6i didu kién 1a chi mot trong s cac nhém thé R2 & vi tri 5 va nhém thé
R2 ¢ vi tri 7 két hgp cung véi nhém thd R2 & vi tri 6, va voi didu kién 12 it nhét
mot trong s6, nhom thé R2 & vi tri 5, nhém thé R2 & vi tri 7, Xos, K, K’, K*’, B
hodc B’ bao gdm chét kéo dai L.

Trinh tu phan tmg chung dé tao ra cac hop chit ludng sic db6i mau
theo 4nh sdng ma c6 thé dugc ding trong cic phwong 4n khong gi6i han khac
nhau dugc bdc 16 trong ban md ta nay va thuong dugc biéu hién béng Cong
thire II néu trén dugce miéu ta dudi in Trinh ty phan ng A.

Trinh ty phan tmg A

Phan 1:
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Trong Trinh tu phan tng A, Phan 1, 4-flobenzophenon, ma dugc bidu
hién bing Céng thirc o1, c6 thé phan tng trong nito trong dung mdi khan
dimetyl sulfoxit (DMSO) véi chét kéo dai L dugc biéu hién bing Cong thirc
02, d& tao ra keton duogc thé L dugc biéu hién béng Cong thuc az. S€ dugce
danh gia cao bdi ngudi cb trinh d6 trung binh trong linh vuc k§ thuét nay rang
4-flobenzophenon c6 thé duoc mua hoic diéu ché bing cic phwong phap
Friedel-Crafts d3 biét trong linh vuc k¥ thuit ndy. Vi du, xem ban Cong bd
Friedel-Crafts va Related Reactions, George A. Olah, Interscience Publishers,

1964, Vol. 3, Chapter XXXI (Aromatic Keton Synthesis), va “Regioselective

Friedel-Crafts Axylation of 1,2,3,4-Tetrahydroquinoline and Related Nitrogen
Heterocycles: Effect on NH Protective Groups and Ring Size” by Ishihara,
Yugi et al, J. Chem. Soc., Perkin Trans. 1, trang 3401 dén 3406, 1992.

Phén 2:
0 Ho Y
L A
a3 HC==CNa L

Oig
Nhu duge miéu ta trong Phén 2 cta Trinh tu phan ung A, keton dugc
thé L duoc bidu hién bing Cong thirc o3 c6 thé phan tng véi natri axetylit
trong dung moi thich hgp, nhu nhung khéng giéi han & tetrahydrofuran khan
(THF), @& tao ra rugu propargyl twong ung (duoc biéu hién bang Cong thirc

04).

Phén 3:

wo A/ (R
speu O
. L ws  OH

Trong Phan 3 cua Trinh ty phan ung A, rugu propargyl dugc biéu

hién bing Cong thic as c6 thé bit cip voi nhém A duge thé hydroxy (dugce

biéu hién bang Céng thic as) dé tao ra pyran d6i mau theo 4nh sang dugc biéu
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hién béng Cong thirc as theo mot phuong &n khong gidi han duge bde 19 trong
ban md ta nay. Mot cach tily ¥, nhém A c6 thé duoc thé bang mot hodc nhiéu
nhom R2, mdi trong s§ chung c6 thé bao gdm chit kéo dai L ma gidng hoic
khéc v6i cac nhom thé L con lai. Cac vi du khong gi6i han vé cac nhém A va
R2 ma thich hop dé dung trong sy tiép hop véi cac phuong 4n khong gidi han
khéc nhau dugc bdc 19 trong ban mo ta nay duge néu chi tiét & trén. Céc vi du
khong gidi han vé cac trinh ty phan tUng chung dé tao ra cic nhém A
hydroxylat héa ma dwgc thé bang it nhat mét chat kéo dai L, dugc thé hién &

dudi day trong céc Trinh tu phan tng B, C, va D.

Mic du Trinh ty phan tng A mo ta trinh tu phan tng chung dé tao ra
hop chit ddi mau theo 4nh sang duoc biéu hién biang Cong thie IT Ova cb céc
nhém B va B’ duoc chon tir phenyl dugc thé L va phenyl, s& dugc dénh gia
cao bdi nguoi cé trinh 4§ trung binh trong linh vuc k¥ thuét nay ring cac hop
chét d8i mau theo 4nh sang nhin chung dugc bidu hién bang Cong thirc II va
¢4 cac nhom B va B’ khac v6i nhém duoge thé hién Cong thic o néu trén, va
ma c6 thé tuy y duc thé béng mdt hodic nhidu nhém L hoic mdt hodc nhiéu
nhom R? bao gém L, ¢4 thé dugc diéu ché tir cac keton c6 sén trén thi trudong,
hodc bang phan ng cta axyl halit v&i vat lidu duge thé hoic khong dugc thé
nhu naphtalen hodc hop chét heteroaromatic. Céc vi du khong giéi han vé cac
nhoém thé B va B’ ma thich hop dé dung trong su tiép hop véi cac phuong 4n
khong gidi han khéc nhau dugc bdc 10 trong ban mo ta nay dugce néu chi tiét &

trén.

Céac Trinh ty phan Gtng B, C va D mé ta ba trinh ty phan tng khac
nhau d& tao ra c4c nhém A hydroxylat héa ma dugc thé bing it nhat mot chét
kéo dai L, ma c6 thé duge ding trong qué trinh tao ra céc pyran déi mau theo
anh sang theo cac phuong an khong giéi han khac nhau dugce bdc 16 trong ban
mod ta ndy. Vi dy, mic du khong giéi han ¢ ddy, nhu dugc thdo ludn & trén
trong Trinh ty phan Gtng A, nhom A hydroxylat héa dugc thé L thu duoc co
thé bt cap v6i rugu propargyl dé tao ra pyran d6i mau theo dnh sang theo cac

phuong an khong gidi han khac nhau dugc boc 19 trong ban mo ta nay. Ngoai

-92-



27509

ra, nhu dugc thdo ludn & trén, mot cach tuy y, nhém A c6 th8 dugc thé bing
m6t hodc nhidu nhém R? bd sung, mdi trong s6 ching c6 thé bao gdm chét

kéo dai L ma 1a giong hodc khac véi cac L con lai.

Trinh tu phan img B

Trong Trinh ty phan ung B, nhom A hydroxlylat héa dugc biéu hién
bing Cong thirc B1 phan tng véi piperidin duge thé L dwge biu hign bang
Cong thitc B2 v6i su c6 mit cua an alkyl lithi, nhu nhung khong gidi han &
metyllithi (MeLi), trong tetrahydrofuran khan @& san xuét nhém R? dugc thé L
gén két véi nhém A hydroxylat hoa dugc biéu hién bing Céng thirc B3. Ngoai
ra, nhu néu trén, nhoém A c6 thé cling dugc thé béng mot hodc nhidu nhém R2
bd sung, mbi trong sd ching c6 thé ciing bao gébm chit kéo dai L ma gibng
ho#c khéc véi cac L con lai. Ngoai ra, K ¢6 thé dugc chon tir -O-, -S-, -N(X7)-
hodc cacbon ma dugc thé hodc khong dugc thé. Vi dy, K ¢o thé 1a cacbon ma

dugc thé hai 14n bang metyl hodc c6 thé dugc thé bang nhém etyl group va

nhém hydroxyl.
Trinh ty phén tmg C
OH
OH [R%)
Rine o
0" o

O” "OH (5 @
X3
X1 X2 L

L

Trong Trinh ty phan ung C, nhém A dugc hydroxylat héa dugc thé
R? duoc bidu hién bing Cong thitc y1 phan ung véi phenol dugc thé L dugc
biéu hién bing Cong thitc x2 trong phan ung este héa véi sy c6 mat cla
dixyclohexylcarbodiimit trong metylen clorua d8 san xuét nhoém R? dugc thé L

gén két v6i nhéom A hydroxylat hoa dugc biéu hién bang Cong thirc y3. Ngoai
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ra, nhu néu trong Trinh ty phan ing C, nhém dugc biéu hién bang Coéng thirc
3 tuy ¥ c¢6 thé dugc thé bing mot hodc nhidu nhém R? bd sung, mbi trong s
chung c6 thé ciing bao gdm chit kéo dai L ma giéng hoic khac véi cac L con

lai.

Trong Trinh ty phan ng D (¢ duéi), naphtol dugc thé hydroxyl dugc
bidu hién bing Cong thitc &1 phan tng v&i clorin @& tao ra hop chét dugc biéu
hién bing Cong thirc 5. Hop chit dugc biéu hién bang Cong thirc 82 phan ing
v6i piperidin dugc thé L duge bidu hién bing Cong thirc 83 dé tao ra vat liéu
dugc bidu hién béng Cong thic 84. Vit ligu duoc biéu hién béng Cong thirc 84
duge khir trong khi quyén hydro & trén palladi trén chét xuc tac cacbon dé tao
ra nhém R2 dugce thé L gén két véi nhém A duge hydroxylat hoa duoc biéu

hién bing Cong thitc .

Trinh tuy phan tng D
cl cl HN:>_,_ Cl
OH o)
SO S oy
31 32 84

Céc trinh tu phan tng E va F giai thich hai phuong phép khac nhau
tao ra naphtopyran dugc thé bing chit kéo dai L dé tao ra naphtopyran ddi
mau theo anh sang theo cac phwong 4n khong giéi han khac nhau dugce boe 16

trong ban mo ta nay.

Trinh ty phan ung E
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Trong Trinh ty phan tng E, nhém A duoc thé hydroxy dugc biéu
hién bing Cong thirc €1, ma tuy y dugc thé bing it nhat mot nhém R?, phan
ttng voi piperidin dugc thé hydroxy dugc biéu hién bing Cong thic &2 v&i sy
c6 mat cta alkyl lithi, nhu nhung khong giéi han & metyllithi (MeL1i), trong
tetrahydrofuran khan @& san xuét 4-hydroxy piperidinyl gén két voi nhém A
dugc hydroxylat héa dugc biéu hién bing Cong thitc e3. Sau do, hop chét
duge biéu hién bing Cong thic €3 bit ciip voi rugu propargyl duge biéu hién
bang Cong thirc €4 dé tao ra 4-hydroxy piperidinyl gin két v6éi napthopyran
dung hop indeno duge biéu hién bang Cong thirc es. Naphtopyran dugc biéu
hién bing Cong thitc &s con c6 thé phan tng, nhu chi ra bing con duong (1)
Trinh ty phan ng E, trong phan ing axetylat héa bang cach sir dung amin béc
ba, nhu nhung khoéng giéi han ¢ trietylamin, trong dung mdi, nhu nhung
khong giéi han & metylen clorua, véi hop chit dugc thé L dugc bidu hién
bing Cong thirc g5 dé san xuét piperidinyl dugc thé L gén két v6i napthopyran
dung hop indeno theo mdt phuong an khong gidi han dugc boc 19 trong ban
md ta nay va dugc biéu hién bang Cong thirc €7 . Theo cach khéc, nhu dugc
chi ra bang con dudng (2), naphtopyran dugc biéu hién bing Cong thirc &5 c6
thé phan ung véi hop chit dugc thé L duoc biéu hién bing Coéng thirc es dé

san xuét piperidinyl dugc thé L gén két v6i napthopyran dung hop indeno theo
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mot phuong an khong giéi han dugce bdc 10 trong ban md ta nay va dugc biéu
hién bang Coéng thirc 9. Ngoai ra, nhu dugc chi ra trong Trinh ty phan tng E,
piperidinyl dugc thé L gén két v6i naphtopyran dung hop indeno dugc biéu
hién bang Cong thirc &7 va Cong thirc g9 ¢ thé tuy y duoc thé bang mot hoic
nhiéu nhom R? bd sung, m&i nhém trong s6 d6 c6 thé bao gdm chét kéo dai L
ma la giéng hodc khac v6i cac L con lai.

Trong Trinh ty phan Gng F (& dudi), nhém A dugc hydroxylat hoa
duge biéu hién béng Cong thuc ¢1 bét cap véi rugu propargyl dugce bidu hién
bing Cong thirc ¢» dé san xuit naphtopyran dugc biéu hién bang Cong thirc
¢3. Sau do, naphtopyran dugc biéu hién bing Cong thic ¢3 phan tng véi
phenylamin dugc thé L c6 Cong thic ¢4 dé san xuét phenylamin dugc thé L
gén két v6i naphtopyran dugce biéu hién bang Céng thitc ¢s theo céc phuong
an khong giéi han khac nhau dugc bdc 1§ trong ban md td nay. Cac vi du

khong gidi han vé cac nhom thé B va B’ thich hop dugce néu cu thé & trén.

Trinh ty phan ung F
OH N ‘ N s
~ HO ‘ B 0
O Fn K=
' NH (®)
(0] 5 g O OH © NH OH
o1 ) b3 L b Q s

Mic du khong gidi han ¢ diy, trong nhém A dugc thé hydroxy dugc
biéu hién bang Cong thirce B1 va g1 (ma duge néu trong Céc trinh tu phan tmg
B va E, mdt cach twong ung), K c6 thé 1a cacbon ma dugc thé hai 14n bang
metyl dé tao ra 2,3-dimetoxy-7,7-dimetyl-7H-benzo[c]floen-5-ol. Nguoi c6
trinh @6 trung binh trong linh vuc k¥ thuét ndy s& cong nhén nhiéu phuong
phép d tao ra nhém A dugc thé hydroxy nay. Vi dy, va ma khong gidi han,
mdt phuong phap tao ra 2,3-dimetoxy-7,7-dimetyl-7H-benzo[c]floen-5-ol
dugc dua ra & bude 2 cia Vi du 9 clua Bing sang ché Hoa Ky sb 6,296,785,

ma dugc két hgp cu thé & day bﬁng c4ch tham chiéu. Pic biét hon, nhu dugc

-96-



27509

dua ra & budc 2 cia Vi du 9 cia Bing sang ché Hoa Ky s6 6,296,785, mot
phuong phap khong gi6i han d& tao ra 2,3-dimetoxy-7,7-dimetyl-7H-

benzo[c]floen-5-0l 14 nhu sau.

O budce thr nhét, 1,2-dimetoxybenzen (92,5 gam) va dung dich chia
benzoyl clorua (84,3 gam) trong 500 mililit (mL) metylen clorua dugc bd
sung vao binh phan #ng dwoc 14p phdu bd sung ctng trong khi quyén nito.
Nhom clorua khan rin (89,7 gam) dugc bd sung vao hdn hgp phan tng véi
lam maét ngiu nhién cta hdn hop phan Gng trong bé da/nuéc. Hon hop phan
ung dugc khuéy & nhiét do trong phong trong 3 gid. Hon hop thu duge duge
d6 vao 300 mL hdn hop 1:1 cua d4 va axit hydrocloric 1N va khudy manh
trong 15 phut. H3n hop dwgc chiét hai 1an v6i 100 mL metylen clorua. Céc
16p hitu co duge két hgp va rira véi 50 mL 10 ph?m trdm tinh theo trong lugng
natri hydroxit tiép theo 1a 50 mL nuéc. Dung mdi metylen clorua dugc loai bd
bang cach bay hoi quay dé thu chét rin mau vang. Viéc tai két tinh tir 95 phan
tram etanol thu dugc 147 gam tinh thé hinh kim mau be c6 diém néng chay
103-105°C. San phdm dugc tin 1a c6 két cdu khong ddi véi 3,4,-

dimetoxybenzophenon.

G bude thu hai, kali t-butoxit (62 gam) va 90 gam cia san pham tir
Budc 1 trude d6, duge bd sung vao binh phan tmg chira 300 mL toluen trong
khi quyén nito. H8n hop dugc 1am néng dé hdi luu va dimetyl sucxinat (144,8
gam) dugc bd sung ting giot trong hon 1 gid. Hdn hop duge hdi luu trong 5
gid va 1am mat dén nhiét d6 trong phong. 300 mL nudc duge bd sung vao hdn
hop phan tmg va khudy manh trong 20 phut. Céc pha hitu co va long phan
tach va pha hiru co dugc chiét ba 1an véi cac phan 100 mL nuéce. Cac 16p long
két hgp duogc rira ba 1an véi cac phén 50 mL cloroform. Lép long dugc axit
héa dén d6 pH bang 2 bang axit hydrochloric 6N va céc dang két tha va duogc
loai bd bang cach loc. Lép léng dugc chiét ba 1an véi céc phén 100 mL
cloroform. Dich chiét hitu co dugc két hop va c¢6 dic bing cach bay hoi quay.
Diu thu dugc duge tin 12 c6 két ciu khong dbi v6i hdn hop cua céac axit 4-

(3,4-dimetoxyphenyl)-4-phenyl-3-metoxycacbonyl-3-butenoic (E va Z).
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O budc thir ba, san pham tir Bude 2 trude d6 (8,6 gam), 5 mL axetic
anhydrit, va 50 mL toluen dwgc bd sung vao binh phan tmg trong khi quyén
nito. Hdn hop phan tng dugc 1am néng dén 110°C trong 6 gid va 1am mét dén
nhiét d§ trong phong, va dung moi (toluen va axetic anhydrit) dugc loai bd
bang cach bay hoi quay. Phin con lai dugc hoa tan trong 300 mL metylen
clorua va 200 mL nudc. Natri cacbonat rén duge bd sung vao hdn hop hai pha
dén khi hét bot. Cac 16p phan tach va 16p 1ong dugc chiét véi hai phan 50 mL
metylen clorua. Céc 16p hitu co dugc két hop va dung moi (metylen clorua)
dugc loai bd bing cach bay hoi quay dé thu diu dé day. Dau dugc hoa tan
trong metanol 4m va l1am lanh & 0°C trong 2 gid. Céc tinh thé thu dugce duge
gom lai bﬁng cach loc chan khong, rira véi metanol lanh dé san xudt 5 gam
san phidm c6 diém néng chay 176-177°C. San phdm rin duge thu hdi dugce tin
tuong dé c6 cac két cdu khong ddi véi hdn hop cta 1-(3,4-dimetoxyphenyl)-2-
metoxycacbonyl-4-axetoxynaphtalen  va 1-phenyl-2-metoxycacbonyl-4-

axetoxy-6,7-dimetoxynaphtalen.

3 bude the tu, ndm (5) gam cta hdn hop san phdm tir Buéc 3 néu |
trén, 5 mL axit hydrocloric 12M, va 30 mL metanol dugc két hop trong binh |
phan ung va dugc 1am néng dé hdi luu trong 1 gid. Hon hop phan ung dugc
lam mat va chat két tua thu dugc duoc gom lai béng cach loc chan khong va
duogc rira v6i metanol lanh. San phém dugc tinh ché bﬁng cach loc qua nut
silica gel str dung hén hgp 2:1 cua hexan va etyl axetat lam chit rira giai
eluant. Nong do cua dich loc bang cach bay hoi quay thu dugce 3 gam chét rin
mau be ma dugc tin tudng d& c6 két chu khong dbi véi 1-phenyl-2-

metoxycacbonyl -6,7-dimetoxynapht-4-ol.

O buéc thit nam, binh phan tmg dugce nap véi 2,8 gam cia an phédm
ctia Buéc 4 néu trén trong khi quyén nito. Tetrahydrofuran khan (40 mL)
duge bd sung vao binh thép cb. Hén hop phan Gmg dugc lam mat trong bé
da/axeton khé va 41 mL dung dich metyl magie clorua (1M trong
tetrahydrofuran) dugc bd sung ting giot trong hon 15 phut. Hdn hop phan ung

mau vang thu dugc dugce khuéy & 0°C trong 2 gid va lam Am tir tir dén nhiét
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o trong phong. Hon hop phan tng dwgc d6 vao 50 mL hdn hop da/nuéc. Ete
(20 mL) dugc bd sung, va cac 16p duge phan tach. Lop long duge chiét véi
hai phin 20 mL ete, va c4c phan hitu co dugc két hop va rira v6i 30 mL nudc.
Lép hitu co duge 1am kho trén magie sulfat khan va ¢6 déc bang cach bay hoi
quay. Dau thu dugc dugc chuyén vio binh phan tmg (phu hgp véi biy chung
cht Dean-Stark) chtta 50 mL toluen ma dugc bd sung vao d6 hai giot axit
dodexylbenzen sulfonic. Hon hop phan tmg dugc 1am néng d& hdi luu trong 2
gid va dugc lam mat. Toluen dugc loai béd qua bay hoi quay dé thu duoc 2

gam ctia hop chit mong mudn.

Theo cac phuong 4n bd sung, hop chét luong sic d6i mau theo anh
sang c6 thé 1a spiro-pyran hodc spiro-oxazin d6i mau theo 4nh sang ma dugc
biéu hién bing Cong thirc V sau dayll:

Y.

\
[R%; l

R’ VII
Vé6i su tham chiéu dén Cong thic VII:

(a) A dugc chon tlr naphto, benzo, phenanthro, floantheno, antheno, quinolino,
thieno, furo, indolo, indolino, indeno, benzofuro, benzothieno, thiopheno,
naphto dung hop indeno, naphto dung hop di vong, va benzo dung hop di
vong;

(b) Y 1a C hodc N;

(c) SP 1a nhém spiro dugc chon tir indolino va benzindolino; va

(d) i 14 sb nguyén dugc chon tlr 0 dén téng s6 cac vi tri ¢6 sén trén A, r 1a s&

nguyén duoc chon tir 0 dén téng sd cac vi tri ¢6 sin trén SP, véi diéu kién 1a
téng ctia i + r 13 it nhAt mot, va mbi R? doc 1ap duge chon cho mdi 14n xuit
hién ttr,

(i) chét kéo dai L dugc biéu hién bang Cong thirc I néu trén, va
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(ii) nhém dugc biéu hién bing R! néu trén.

Ngoai ra, ¢6 diéu kién 13 hop chit ludng sic d6i mau theo 4nh sang dwgc bidu hién
bang Cong thirc VII bao gdm it nhit mot chat kéo dai (L) duoc biéu hién bing

Cong thirc I néu trén.

DPéi véi cac hop chit ddi mau theo 4nh sang dugc biéu hién béng
Cong thue II, cac hop chit ddi mau theo 4nh sang dugc biéu hién bang Cong
thirc VII c6 thé dugce kéo dai & vi tri c6 sin bit ky bang cach thé bang L hoic
nhém R3 duge thé bing L, va/hoic theo huéng mong mudn bat ky bai céac tb
hop nhiéu cua cac viée thé cua cac vi tri ¢ sin béng L hoic cic nhém R3
duoc thé bang L. Vi du, cac hop chit d6i mau theo anh sang duoc bidu hién
bang Cong thirc VII c6 thé duoc kéo dai bing cach thé nhém SP (hoic vong
SP) bing L hodc nhém R3 duge thé bang L, va/hoic bing cach thé nhém A
(hoic vong A) bang L hodc nhém R3? dugc thé bang L nhu vay dé tao ra toc do

hép thu trung binh mong mudn cta hop chét ddi mau theo 4nh sang.

Véi mot s0 phuong an, cac hgp chat ludng sdc doi mau theo 4nh séng
cua cic vat dung ddi mau theo anh sang theo sédng cheé co thé dugc biéu hién

bing Cong thic VIII sau day:

R3];

R® VIII

V6i su tham chiéu dén Cong thirc VIIL, mdi R” doc 1ap dwoc chon cho mdi 1an xuét
hién tir hydro, alkyl dugc thé hoic khong duoc thé, xycloalkyl, arylalkyl, hodc cing
nhau tao ra xycloalkyl ma duoc thé hoic khong duogc thé; R™ dugc chon tir alkyl,
aryl, hodc nhoém arylalkyl ma khong duoc thé hodc dugc thé bﬁng it nhat mot trong
s6: (i) -CH(CN), hoic -CH(COOX)y; (ii) -CH(X2)(X3); va (iii) -C(0)X24 (trong d6
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X1, Xa, X3, va X24 1a nhu di néu & trén); va (iv) halogen, hydroxy, este, hodc amin.
ft nhat mot trong sb chi s6 dudi (i) va chi s§ dudi (r) 14 it nhét 1, va it nhit mot R?
bao gém L. V&i mot sb phuong an khéc, it nhét mot R? 1a L. Nhu duoce thao ludn &
trén dbi v6i Cong thirc VII, Y trong Cong thirc VIII ¢6 thé duge chon tir C hogc N.
Vi du, v6i mot sb phuong 4n, Y cé th 1a C, va hop chit dbi mau theo anh sang co
thé 1a spiro(indolino)pyran. Theo céc phuong 4n khac, Y ¢6 thé 1a N, va hop chit

d6i mau theo anh sang c6 thé 1a spiro(indolino)oxazin.

Theo c4c phwong an khéc, cac hop chit ludng sic ddi mau theo 4nh
sang cua cac vat dung doi mau theo anh sang theo sang ché c6 thé dugc biéu

hién bing Cong thic IX sau day.

R3
R3 R3
R® N\
R © Q [R%),
R? IX

Vi su tham chiéu dén Cong thue IX, it nhét mot trong sb, R3 & vi tri 6 va/hodc R3
& vi tri 7 bao gdm chét kéo dai L. V&i mot s§ phuong 4n khac, it nhit mot ca
nhém R3 & vi tri 6 va/hodc nhém R3 vi tri 7 ctia Cong thirc IX 1a chét kéo dai L.
Theo cac phuong 4n bd sung, céc hop chét ludng sic dbi mau theo
anh sang ciia cac vat dung dbi mau theo anh sang theo sang ché co thé duoc

biéu hién bang Cong thirc X:
R3
R® N
X
RS
° Q R,
R3 R3
R3
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V6i su tham chiéu dén Cong thirc X, it nhit R? & vi tri 7 bao gém chét kéo dai L.
V&i mot sb phuong an khac, nhém R3 & vi tri 7 14 chit kéo dai L.

Véi cac phuong 4n bd sung, cac hop chét ludng sic dbi mau theo dnh
sang cua cac vat dung dbi mau theo 4nh sang theo sang ché c6 thé dugc bidu
hién bing Cong thirc XI sau day.

R3

N
3
R N

R
.0 Q R,
R XI

V6i sy tham chiéu dén Cong thirc X1, it nhit nhém R> & vi tri 6 bao gdm chat kéo
dai L. Vi mot sb phuong 4n khac, nhém R3 & vi tri 6 13 chit kéo dai L.
So db phan tng chung d& téng hop céc hop chit ludng sic dbi mau

theo 4nh sang duoc biéu hién bing Céng thirc VII dugc miéu ta dudi trong

Trinh ty phan tng G.
Trinh ty phan tng G
Phén 1:
N—0
NaN02
[R]i —P (R
CH;COOH
T1 OH OH

Y2

Trinh tu phan tng G, Phan 1 mé ta quy trinh nito héa chung trong d6
nhém A dugc hydroxylat héa duogc bidu hién béng Cong thic y1 dugc phan
ng vé&i natri nitrit véi sy ¢6 mit cia axit, nhu nhung khong gidi han ¢ axit
axetic, @& san xudt nhém A dugc thé bing nitroso duge biéu hién bing Cong
thirc y2. Céc vi du khong gidi han thich hgp v& c4ac nhém A bao gdbm naphto,
benzo, phenanthro, floantheno, antheno, quinolino, naphto dung hop indeno,

naphto dung hop di vong, va benzo dung hop di vong. Mot céch tuy y, nhom
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A c6 thé duoc thé bing mot hodc nhidu nhém R3, mdi trong sb ching ¢ thé

bao gom chat kéo dai L ma la giong hodc khac véi cac L con lai.

Phan 2:

ot

Rl
N
\

No R
= ' S R
a N n R JRSJi'@
OH R R’

Y2
Y4

Trong Phin 2 ctia Trinh ty phin Ung G, nhém A dugc thé béng
nitroso dugc biéu hién béng Cong thuc y2 dugc bt cap voi bazo Fischer’s
duge bidu hién bing Cong thuc ys. Viéc bit cip dugc thyc hién trong dung
modi, nhu nhung khong gigi han ¢ etanol hoa tan, va lam néng duéi cac diéu
kién hdi luu d& san xuit oxazin ddi mau theo 4nh sang duogc biu hién bing
Cong thirc y4 theo cac phuong an khong giéi han khiac nhau dugc boc 19 trong
ban mo ta nay.

Quy trinh nito héa chung thé hién trong Phén 1 cta Trinh ty phan
tng G 1a dic biét hon trong hai trinh tu dudi day (Cac trinh ty phan Gng H va
I), ma nhin chung md ta hai quy trinh téng hop phenol nitroso dé san xut cac
nhém A dugc thé bing nitroso, ma c6 thé tiy ¥ dugc thé bang it nhat mot R3,
ma c6 thé dugc ding cdc phan ung bt cip d¢ san xuét cac san pham oxazin
theo sang ché. Nhu dugc minh hoa trong Buédc (2) cua cac Trinh tu H va I,
trude khi phan ing véi NaNO2, hop chét trung gian c6 thé dugc phan tng tiép
v6i mot hodic nhiéu chét phan Ung khac dé tao rchit kéo dai L thich hop trén

nhém A.
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Trinh ty phan tng H
OH OH HO o
HO HO NaNO HO LN N”
X 2
Ry o | SR - ] R
HO Z : CH/O NG CH3;COOH / P\F
o) 3 o) n2 CHs; o
Ukl NH, n3
@
OH HO v N
H OSSN L Neno, Y X Rk
W = — R - N o
CH3COOH
5 0

N
O“ s O s

Cu thé hon, trong Trinh twy phan tmg H, axit carboxylic cia nhém A
dugc hydroxylat héa dugc biéu hién bing Coéng thirc M1 duge bién dbi thanh
este cua nhom A dugc hydroxylat héa dugc bidu hién bing Cong thuc 1. Este
ctia nhém A dugc hydroxylat héa duge biéu hién bing Cong thirc 12 sau d6 c6
thé duoc phan (mg v6i natri nitrit véi sy ¢6 mit cta axit, nhu nhung khong
gi6i han ¢ axit axetic, dé san xuit nhém A dugc thé bing nitroso ciia Cong
thirc 3. Theo céch khac, nhu dugce thé hién ¢ Budc Path (2), este clia nhém A
dwgc hydroxylat héa dugc biéu hién bing Cong thitc n2 c6 thé dugc phan tng
v6i 4-piperidinoanilin (dugce bidu hién bing Cong thirc n4) dudi céc didu kién
co ban dé san xuit hop chit duoc thé L dugc bidu hién biang Cong thirc 1s.
Hop chét dugc thé L dugc biéu hién béng Cong thuc ns sau d6 duge dat vao
phan ung nito héa dé san xudt nhém A duge thé L va nitroso dugc biéu hién
Cong thirc ne. Ngoai ra, nhom A duogc thé L va nitroso tiy y c6 thé dugc thé
bang mdt hodc nhidu nhém R3, mdi trong s6 ching c6 thé bao gdm chét kéo
daiL mala giéng hodc khac vai cac L con lai.

Nhu dugc thao luan & trén ddi véi Trinh tu phan tmg H, trong Trinh
tw phan tng I (dudi) axit carboxylic cia nhém A dwogc hydroxylat héa duge
biéu hién bing Coéng thirc u dwgc bién dbi thanh este ciia nhém A dugc

hydroxylat héa dugc biéu hién bang Cong thirc 1. Este cia nhém A dugc
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hydroxylat héa dugc biéu hién bing Cong thiic 12 sau d6 c6 thé phan tng véi
natri nitrit véi sy ¢6 mit cua axit, nhu nhung khong gidi han ¢ axit axetic, dé
san xuit nhom A dugc thé bang nitroso c6 Cong thirc 13. Theo cach khac, nhu
dugc thé hién trong Budc (2), este cia nhém A dugc hydroxylat héa duge
biéu hién bing Coéng thirc 12 ¢ thé dugc phan tng véi 4-phenyl anilin (duge
bidu hién bing Céng thirc 1) dudi cac didu kién co ban dé san xuit 4-phenyl
anilin dugc thé L dugc bidu hién béng Cong thic 5. 4-phenyl anilin dugc thé
L duoc biéu hién bing Cong thirc 15 sau d6 dugc dit vao phan ung nito hoa dé
san xudt nhom A dugc thé L va nitroso dugc bidu hién Céng thirc 1. Nhu
dugc thao luan & trén, (dugc thé L (cac nhém A dugc thé nitroso)), tly y cé
thé dugc thé bing mot hodic nhidu nhém R3, mdi trong s6 ¢6 thé bao gdm chét

kéo dai L ma 14 giong hodc khéc véi cac L con lai.

Trinh ty phan tng I
o
"
N
A A NaNOz SN
R _ > R > R~ —
CH3COOH
HO YO
CH3 2 C 3
= / ”
3
R R
NaNo2
. ) CH3000H ’.“ o
5 s

Céc trinh tu phan Gng khong gi6i han va cu thé hon & téng hop céc
hop chit d¢6i mau theo 4nh sang cta cac vét dung dbi mau theo 4nh sing theo
sang ché dugc miéu ta duédi day trong Cac trinh ty phan ing J va K.

Trong Trinh ty phan tng J (dudi day), nitrosophenol dugc biéu hién

biang Cong thitc ¢1 duge phan Umg trong metanol véi chét kéo dai L, ma 1a
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piperazino phenol (dugc bidu hién bing Coéng thitc @2), dé tao ra
nitrosonaphtol dugc thé L duoc biéu hién béng Cong thttc @3. Nhu dugc miéu
ta trong Trinh ty phan tng J, nitrosonaphtol duoc thé L c6 thé duogc thé tiép
bing mot hodc nhidu nhém R, mdi trong sb ching c6 thé bao gdm chit kéo dai
L ma 1a gidng hoidc khac véi cac nhém thé L con lai. Nitrosonaphtol dugc thé
L duoc biéu hién bing Cong thirc @3 sau d6 dugc bét cip bang cach l1am néng
bing bazo Fischer’'s dugc biéu hién bing Cong thic ¢4 dé san xuit

naphtoxazin dugc thé L dugc biéu hién bang Cong thirc @s.

Trinh ty phan Ung J

OH OH o4 R
R~ > R — B RNy
L T e Sy
N OH

X
OH © Cl L
P2 OH Pe
?3
X
N L IR

. R 2
R | ’\|
QN © N
&E S
R 07 O
0
o//l\L

Tham chiéu tiép dén Trinh ty phan tng J, naphtoxazin dugc thé L
duoc bidu hién bang Cong thic @s c6 thé dugc kéo dai tiép bang céch cho
naphtoxazin dugc thé L phan tng v6i hop chét dugc thé L khéc duge biéu
hién bing Cong thirc @¢ dé san xuit naphtoxazin dugc biéu hién bing Coéng
thirc @7 theo cac phuwong an khong giéi han khac nhau dugce boc 19 trong ban
mb ta ndy. Ngoai ra, nhu thdo ludn & trén va nhu dugc miéu ta trong Trinh tu
phan Gng J, naphtoxazin dugc biéu hién bang Cong thitc @7 tly y ¢ thé duoc
thé bang mot hodc nhidu nhém R3, mdi trong sd ching cé thé bao gdm chét

kéo dai L ma 1a giong ho#c khéc vdi cac L con lai.
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Nhu dugc minh hoa néu trén trong Trinh tuy phan ung J, nhin chung
sau khi bét cdp nitrosophenol v6i bazo Fischer’s, naphtoxazin thu dugc c6 thé
dugc phan tng tiép voi mot hodic nhidu chit phan Gng khac d& kéo dai
naphtoxazin v&i chit kéo dai L. Tuy nhién, ngudi c6 trinh do trung binh trong
linh vuc k¥ thuat nay s& dugc danh gia ring, ngoai ra hoic theo cach khac,
trude khi bit cap nitrosophenol v&i bazo Fischer’s, nitrosophenol c6 thé duge
phan ung dé thé nitrosophenol bing mot hoic nhidu chit kéo dai L (vi dy nhu
thé hién & trén trong Céc trinh tw phan tng H va I). Ngoai ra, céc
nitrosophenol dugc thé L c6 thé dugc bt cdp voi bazo Fischer’s dé tao ra
naphtoxazin duoc thé L nhu dugc miéu ta chung trong Trinh ty phéan tmg K,
dudi day.

Trinh tu phén tng K

Cu thé hon, trong Trinh tu phan tng K, piperidinylnaphtol dugc thé
L duoc biéu hién bang Céng thitrc x1 dwgc phan ung véi trialkoxymetan va
dugce lam néng dé tao ra naphtol dugc thé L va formyl duogc bidu hién bing
Cong thirc k2. Hop chét dugc biéu hién bing Cong thitc k2 sau d6 dugc phan
ng v6i bazo Fischer’s (dwgc biéu hién bang Cong thuc «3) d& san xuét
spironaphtopyran dugc thé L dugc bidu hién bang Cong thic s theo céc

phuong an khong gidi han khac nhau dugc boc 19 trong ban moé ta nay.

Nhu thdo ludn & trén, nhin chung sau khi bét cdp nitrosophenol véi
bazo Fischer’s (vi du nhu thé hién trong Trinh ty phan tng J), naphtoxazin thu

duoc c6 thé dugc phan tmg tiép voi mot hodc nhiéu chit phan ung khac dé
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kéo dai naphtoxazin v6i chét kéo dai L. Mot vai vi du khong gisi han vé su

kéo dai nay dugc cung cép trong Trinh ty phan tng M tdng quat dudi day.

Dic biét hon, trong Trinh ty phan tng M (duéi déy), ba budc dé bd
sung chit kéo dai L thanh naphtoxazin dé san xuét oxazin d6i mau theo 4nh
sang theo cac phuong an khong gidi han khac nhau dugc boc 10 trong ban mo
ta nay. Trong budc dau tién (1), naphtoxazin dugc biéu hién bing Cong thirc
u1 duge phan ung véi hydroxyphenylpiperazin dé san xuét vat lidu dugc bidu
hién bdng Cong thirc p2. V4t liéu dwgc biéu hién bang Cong thirc p2 dugc
benzoylat hda béng hexylbenzoylclorua dé san xuit vat lidu duogc biéu hién
bang Céng thirc p3. Trong budc thi hai (2), vat liéu duge biu hién bang Cong
thirc w1 trai viéc thuy phan chiu dung va dugc bién @6i thanh vat lidu c6 Cong
thitc p4. Trong phéan (ng este hoa vét li¢u twong tu phenol véi sy c6 mét cla
dixyclohexylcarbodiimit trong metylen clorua, vat liéu dugc biéu hién bang
Céng thirc pa dwoc bién dbi thanh vat liéu dugc biéu hién bing Cong thirc ps
c6 nhém bao vé tetrahydropyran. Vit liéu dwgc biéu hién bang Cong thirc ps
duoc khir bao vé bang dung dich lodng chita axit hydrocloric trong dung mdoi
¢6 chit ruou, nhu nhung khong giéi han & etanol, dé tao ra vat lidu duoc biéu
hién bing Cong thic pe. Vat liéu duge bidu hién bing Céng thirc pe duge
phan Gng vdi cholesteol cloroformat dé tao ra vat liéu duoc biéu hién b%mg
Cong thuc p7. Trong budce thi ba (3), vat ligu duge biéu hién bing Cong thirc
e dugc benzoylat héa bing 4-phenylbenzoylclorua dé tao ra vat lidu duoc

bidu hién bang Céng thirc ps.

-108-



27509

Trinh ty phdn tng M
QN o ey
3 / — 3 w/
R /=N O Q Rt ,?‘OOH
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Cac hop chit ludng sic d6i mau theo anh sang ctia cac vét dung d6i
mau theo anh sang theo sang ché c6 thé & mot sé phuong 4n 1a dugc biéu hién

bang Cong thirc XII sau day:

(]
J

XII
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V6i su tham chiéu dén Cong thuac XII, (a) A (Vong A) dugce chon tir naphto, benzo,
phenanthro, floantheno, antheno, quinolino, thieno, furo, indolo, indolino, indeno,
benzofuro, benzothieno, thiopheno, naphto dung hop indeno, naphto dung hop di

vong, va benzo dung hop di vong.

Tham chiéu tiép dén Céng thirc XII: (b) J 1a vong béo xodn; (c) mdi
D do6c lap duogc chon tr O, N(Z), C(X4), C(CN)2 , trong d6 Z ddc lap duogc
chon cho m&i 14n xuét hién tir hydro, Ci-Cs alkyl, xycloalkyl va aryl; va (d) G
12 nhém duoc chon tir alkyl, xycloalkyl, va aryl, ma c6 thé 13 khong dugc thé

hoic duge thé bing it nhat mot nhom thé R4

Bing cach tiép tuc tham chiéu dén Céng thire XII, (e) E 1a -O- hoic
1a -N(R%)-, trong d6 R duoc chon tir: (i) hydro, Ci-C12 alkyl, C»-Ci2 alken,
C2-C12 alkyn, vinyl, C3-C7 xycloalkyl, Ci-C12> haloalkyl, allyl, halogen, va
benzyl ma khong duogc thé hodc dugc thé mot 1an béng it nhat mot trong sb
Ci1-C12 alkyl va Ci-Cr2 alkoxy; (ii) phenyl ma duoc thé mot 1an & vi tri para
bang it nhét mot nhém thé duge chon tir: C1-Cr alkoxy, C1-Czo alkylen mach
théng hodc mach nhénh, Ci-C4 polyoxyalkylen mach thing hodc mach nhanh,
C3-Cao alkylen vong, phenylen, naphtylen, phenylen dugc thé Ci-Cs alkyl,
mono- hodc poly-uretan(Ci-Cao)alkylen, mono- hodc poly-este(Ci-
Cyo)alkylen, mono- hodc poly-cacbonat(Ci-Cao)alkylen, polysilanylen,
polysiloxanylen va hdn hop ciia chiing, trong d6 it nhit mot nhém thé dugc
lién két v&i nhém aryl caa vat lidu ddi mau theo anh sang; (iii) -CH(CN); va -
CH(COOXj)2, trong d6 X 1a nhu dd néu & trén; (iv) -CH(X2)(X3), trong d6 Xa

va X3 la nhu da néu o trén;

V&i mot sb phuong 4n, va tham chiéu tiép dén Cong thtrc XTI, R’ ¢6
thé duoc chon tir (v) nhém aryl khong duogc thé, dugc thé mot 1dn, hai 1an
hodc ba l4an, nhu phenyl, naphtyl, phenanthryl, hodc pyrenyl; 9-julolidinyl;
hodc nhém heteroaromatic khong dugc thé, duoc thé mot 14n hodc hai 14n
dugc chon tur pyridyl, furanyl, benzofuran-2-yl, benzofuran-3-yl, thienyl,
benzothien-2-yl, benzothien-3-yl, dibenzofuranyl, dibenzothienyl, carbazoyl,

benzopyridyl, indolinyl, va floenyl. Cdc nhém thé cua chung dbc lap duogc
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chon cho md&i 14n xuét hién tir: (A) chit kéo dai L duoc bidu hién béng Cong
thac I néu trén; (B) -C(0)Xs, trong d6 Xs la nhu dd néu & trén; (C) aryl,
haloaryl, C3-C7 xycloalkylaryl, va nhém aryl ma dwgc thé mét 14n hoic hai 1an
bang C1-C12 alkyl hodc Ci-Ciz alkoxy; (D) Ci-Ciz alkyl, C3-C7 xycloalkyl, Cs-
C7 xycloalkyoxy(C1-Ci2)alkyl, aryl(Ci1-Ci2)alkyl, aryloxy(Ci-Ciz)alkyl, mono-
hodc di- (Ci-Crz)alkylaryl(C1-Ci2)alkyl, mono- hodc di- (Ci-
Ci2)alkoxyaryl(C1-Ci2)alkyl, haloalkyl, va mono(Ci-Ciz2)alkoxy(Ci-Ciz)alkyl;
(E) Ci-C12 alkoxy, C3-C7 xycloalkoxy, xycloalkyloxy(Ci-Ciz)alkoxy, aryl(Ci-
Ci2)alkoxy, aryloxy(Ci-Ciz)alkoxy, mono- hodc di- (Ci-Ciz)alkylaryl(Ci-
Ci2)alkoxy, va mono- hodc di- (Ci-Ci2)alkoxyaryl(Ci-Ciz)alkoxy; (F) amido,
amino, mono- hodc di-alkylamino, diarylamino, piperazino, N-(Ci-
Ci2)alkylpiperazino, N-arylpiperazino, aziridino, indolino, piperidino,
morpholino, thiomorpholino, tetrahydroquinolino, tetrahydroisoquinolino,
pyrolidyl, hydroxy, acryloxy, metacryloxy, va halogen; (G) -OX7 va -N(X7)2,
trong d6 X7 1a nhu da néu ¢ trén; (H) -SX11, trong d6 Xi11a nhu di néu & trén;
(I) nito chira vong dugc biéu hién bing Cong thirc I, ma nhu d néu & trén; va
(J) nhém duge bidu hién béng mat trong sb cac Cong thire ii hodc iii, ma dugc

néu trén.

Vé6i mot sb phuong 4n, va tham chiéu tiép dén Cong thie XII, RS ¢6
thé dugc chon tir: (vi) nhém khong duoc thé hodc dugc thé mot 1an duogc chon
tt  pyrazolyl, imidazolyl, pyrazolinyl, imidazolinyl, pyrodlinyl,
phenothiazinyl, phenoxazinyl, phenazinyl, hodc acridinyl, trong d6 mdi nhém
thé doc 1ap dugc chon tir chét kéo dai L, C1-C12 alkyl, C1-Ci2 alkoxy, phenyl,
hydroxy, amino hodc halogen; (vii) nhém dugc biéu hién bing mét trong sd
cac Cong thirc iv hodc v, ma dugc néu trén; (viii) nhém dugc biu hién bing
Céng thirc vi, ma nhu d4 néu & trén; va (ix) chat kéo dai L dugc biéu hién

bang Cong thirc I (néu trén).

Tham chiéu tiép d¢én Céng thirc XII, (f) chi s dudi (i) 1a s6 nguyén

duge chon tir 0 dén tdng cac vi tri ¢6 sin trén A (Vong A), va mdi R* doc 1ap
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dugc chon cho mdi 14n xuét hién tir: (i) chét kéo dai L duoc biéu hién béng

Cong thuc I; va (ii) nhém dugc biéu hién bing R

Bing cach tiép tuc tham chiéu dén Cong thtrc XII, hop chéit ludng séc
ddi mau theo anh sang duoc biéu hién bﬁng Cong thire XII dugc dat sao cho
né bao gdm it nhit mot chét kéo dai (L) duoc biu hién bang Cong thic I néu

trén.

Nhu d3 thao luan d6i véi céc hop chét ludng séc d6i mau theo anh
sang nhu néu trén, nhin chung céc hop chét ludng sdc ddi mau theo anh sang
dugc biéu hién béng Cong thirc XII c6 thé dugc kéo dai & vi tri c6 san béng
cach thé bing L hodc nhém R?* dugc thé bang L, va/hoic trong huéng mong
mudn béng céc td hop sb lugng cia cdc nhom thé & vi tri ¢6 sin véi L hoic
c4ac nhéom R* duoc thé bﬁng L. Do d64, vi du, mic du khong gidi han & day,
fulgit dugce bde 19 trong ban md ta nay co thé dugc kéo dai bang cach chon it
nhit mot trong $6 D, G, va it nhit mot R* 1a L hodc nhém duoc thé béng L,
nhu vdy dé nang cao tdc d6 hép thu trung binh cta fulgit trong it nhét trang
thai duoc kich hoat. Ngoai ra, méc du khong gidi han ¢ day, nhu thé hién va
thao luan chi tiét thém du6i day, khi E 1a N-R%, R5 ¢6 thé 1a L hogic c6 thé 1a
nhém duoc thé bang L.

Theo cac phuong an bd sung, cac hop chit ludng sic ddi mau theo
anh sang ctia cac vat dung dbi mau theo anh sang theo sang ché c6 thé duoc

biéu hién bang Cong thire XIII.

rR* G 0
R? / N— RS
S
o

X111
Vé6i su tham chiéu dén Cong thirc XII1, it nhét mét trong sd, R3, G hodc R* 1a chit
kéo dai L.
Trinh tu phan ung téng quét dé tong hop cic hop chét ludng sic do6i

mau theo anh sang ma c6 thé dugc dung trong cac phuong 4n khong giéi han
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khac nhau dugc bdc 10 trong ban mo ta nay va ma duoc biéu hién béng Cong
thte XII trén dugc miéu ta dudi trong Trinh ty phan tng N. In Trinh ty phan
ung N (dudi day), keton vong béo dugce biéu hién biang Coéng thirc vi dugc
phan ung vdi dimetyl sucxinat dugc biéu hién bing Cong thirc v, trong phan
tng ngung tu Stobbe dé san xult san phdm nira este dwgc biéu hién bang
Cong thuc vs. San phém ntra este dugc biéu hién bing Cong thirc v3 duge este
héa dé tao ra san phim dieste dugc biu hién bing Cong thtrc va. Dieste c6
Cong thuc v4 dugce phan ing v6i nhém dugc thé cacbonyl dugc biéu hién bang
Cong thitc vs trong phan ng ngung tu Stobbe dé san xult vat liéu nira este
dugc bidu hién bing Cong thirc ve. Nhu duge chi ra trong Cong thirc vs, nhém
duge thé cacbonyl ciing c6 thé dugc thé bing mdt hogc nhidu nhém R*, mbi
trong sb ching c6 thé bao gdm chét kéo dai L ma 1a giébng hodc khéc véi cac
nhom thé L con lai. Vat liéu nira este dugc biéu hién béng Cong thic v7 duoc
thuy phéan dé san xuét vat liéu diaxit duoc biéu hién béng Cong thirc v7. Diaxit
c6 Coéng thirc v7 dugc phan ung véi axetyl clorua trong dung mdi ete va/hodc

tetrahydrofuran dé tao ra anhydrit dugc biéu hién bang Cong thirc vs.

Nhu thé hién trong Budc (1) cua Trinh ty phan ung N (duéi day),
anhydrit c6 Cong thirc vs c6 thé dugc phan tmg v6i chit kéo dai L duge thé
amino va tiép theo 1a phan tng véi axetyl clorua duédi cac didu kién hoi luu dé
san xuit hop chét fulgimit ¢6i mau theo anh sang dugc biéu hién bing Coéng
thirc vo theo mot phuong 4n khong gidi han duge boc 10 trong ban mbd ta nay.
Theo cach khac, nhu thé hién trong Buéc (2), anhydrit c6 Cong thirc vs c6 thé
dugc phan Gng véi amoniac tiép theo 1a axetyl clorua d& san xuft hop chét
fulgit d6i mau theo anh sang theo céc phuong 4n khong gidi han khac nhau
dugc bdc 10 trong ban mo ta nay va duoc biéu hién bang Coéng thirc vio. Ngoai
ra, hop chét fulgit dbi mau theo 4nh sang c6 Cong thirc vio c6 thé dugc phan
tng tiép vai chét phan tng thich hop @2 tao ra hop chét fulgit d6i mau theo
4nh sang c6 Cong thirc vi1 theo cac phuong an khong gi6i han khéc nhau duoc
boc 10 trong ban mo ta nay, trong d6 nito dugc thé biang nhom R. Ngoai ra,
theo cac phuong an khong gidi han khac nhau, nhém RS ¢6 thé 1a chit kéo dai

L, hodc ¢é thé bao gém nhém thé ma dugc thé béng chét kéo dai L.
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Trinh ty phan tng N
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1 L-NHZ V4
O 2. AcCl, reﬂux a
(2)

41

Vio

Céc trinh ty phan tmg P, Q va T minh hoa ba so dd phan ung tdng

quat @& thé chit kéo dai L & cac vi tri khac nhau trén fulgit.

Trinh ty phan tng P

-114-



27509

0]

_<:>_(/j _<:>_(/:|’ G
HO 4 | —>» HO 4 |
U / L)
(0]

G
G
AN
1oL I = OO0 I L
3 O 4 O

0]

Trong Trinh tu phan @ng P, hop chit hydroxylat héa dugc biéu hién
bing Cong thirc 71 trai qua phan tng Friedel-Crafts dé tao ra nhom dugc thé
cacbonyl dugc biéu hién bing Coéng thic m2. Vat lidu duge bidu hién bﬁng
Cong thic m» dugc phan Ung nhu dugc mo ta néu trén d6i vai vat lidu dugc
biéu hién bang Cong thic vs trong Trinh tu phan tng N dé tao ra fulgit dung
hop thiopheno dwgc thé hydroxyphenyl dugc biéu hién bing Coéng thic m3
trong Trinh tw phan ung P. Fulgit dugc biéu hién bing Cong thic m3 dugc
benzoylat héa bang 4-phenylbenzoyl clorua dé tao ra hop chit ddi mau theo
anh sang thuan nghich vé nhiét theo mot phuong 4n khong gii han duge boc
16 trong ban md ta nay va dugc biéu hién bing Cong thitc ms . Vi sy tham
chiéu tiép dén Cong thirc XII néu trén, nhu thé hién trong Céng thirc ms, nhém
A 1a thiopheno ma duoc thé bing chit kéo dai L. Nhu thao luén & trén, theo
cac phuong an khong gi6éi han khac nhau (va nhu thé hién dudi day trong
Trinh ty phan tng Q), nhém R’ trong Cong thic ms c6 thé 13 chét kéo dai L,
hodc c6 thé bao gdm nhém thé khac ma duge thé bing chét kéo dai L. Ngoai
ra, nhém G ciing c¢6 thé 1a chdt kéo dai L hozc cé thé 1a nhém thé khac ma
dugc thé bing chét kéo dai L (vi du, nhu thé hién duéi day trong Trinh ty
phan tng T). |
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Trinh ty phan tng Q
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Trong Trinh tu phan tng Q, fulgit dugc biu hién bing Cong thirc 0;

o)

c6 thé duogc thuc hién theo Trinh tw phan tng N, véi céc thay ddi thich hop
ma s& duoc cdng nhin bodi ngudi ¢6 trinh d6 trung binh trong linh vuc k§ thuat
ndy. Trong Cong thttc 01, nhém R3 gén két v6i nguyén tir nito 1a metyl este
cua axit benzoic para-amino. Metyl este cuia axit benzoic para-amino sau do
dugc phan ung véi 4-aminodiazobenzen, dé tao ra hop chét d6i mau theo 4nh
sang thudn nghich vé nhiét dugc bidu hién biang Cong thirc 62 theo mot
phuong an khong gidi han dugce boc 19 trong ban md ta ndy. Nhu thao luén &
trén, nhom RS ¢6 thé 12 chat kéo dai L hoidc cé thé 1a nhom thé khac ma duoc
thé bang L. Ngoai ra, nhu thao luan & trén (va nhu dugc miéu ta trong Trinh
tw phan tng P néu trén) nhém A cia hop chit dbi mau theo anh sang thuin
nghich v& nhiét duoc bidu hién bing Cong thic 02, tlly ¥ c6 thé dugc thé bang
mdt hoic nhiéu nhém R*, mdi trong sb chung c6 thé bao gdm chét kéo dai L
ma la giéng hodc khac vdi cac nhém thé L con lai. Ngoai ra, nhu thé hién dudi
trong Trinh ty phan tng T (duéi ddy), nhom G trong Cong thirc 62 cling c6 thé
14 chét kéo dai L hodc ¢6 thé 12 nhom thé khac ma dugc thé bing chit kéo dai
L.
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Trong Trinh ty phan Ung T, fulgit duoc biéu hién bing Coéng thic 11
¢6 thé duoc thuc hién theo Trinh ty phan Gng N, véi céc thay ddi thich hop
ma s& dugc cong nhan béi ngudi ¢6 trinh dd trung binh trong linh vuc k¥ thuat
nay. Fulgit dugc biéu hién bang Céng thirc t1 sau d6 c6 thé dugc phan tng véi
para-amino benzoylclorua dé tao ra hop chit d6i mau theo anh sang thuin
nghich vé nhiét theo mdt phuwong 4n khong gidi han duogc boc 1 trong ban md
ta nay va dugc bidu hién bang Cong thirc 12. Nhu théo luén & trén (va nhu
duge miéu ta trong Trinh tu phan tng Q néu trén), nhém R® clia hop chit ddi
mau theo anh sang thuan nghich v& nhiét dugc biéu hién béng Cong thtc 12 ¢6
thé 12 chét kéo dai L hodc c6 thé 12 nhom thé khac ma dugc thé bing L. Ngoai
ra, nhu thao ludn & trén (va nhu dugc miéu ta trong Trinh tu phan Ung P trén)
nhém A cua hgp chét d6i mau theo anh sang thuén nghich v& nhiét dugc biéu
hién bang Cong thirc 12, tlly ¥ ¢ thé dugc thé bang mot hozc nhiéu nhém R*,
mdi trong sb chiing c6 thé bao gdm chét kéo dai L ma gidéng hoic khéc véi cac

L con lai.

Lép ludng séc ddi mau theo dnh sang c6 thé 12 bao gdm 16p don hodc
cac 16p phitc, mdi 16p bao gdm hop chit ludng séc d6i mau theo 4nh sdng ma
c6 thé 1a gidng nhau hoic khéac nhau. Lép ludng séc ddi mau theo 4nh sang c6
thé duoc tao ra bing cac phuong phap dd dugc cdng nhén trong linh vyc k¥

thuat nay bao gdm, nhung khong gi6i han ¢: dit mong, nhu véi mot hodc
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nhiéu tAm hoic mang déo; tao ra trong khudn, nhu phu trong khuoén; dic
mang; va cac phuong phap phu. V&i mot s6 phuong an 16p ludng sic ddi mau
theo 4nh sang dugc tao ra tir ché phdm phi ludng sdc d6i mau theo 4nh sang.
Ché phim phu ludng séc dbi mau theo 4nh séng c6 thé 12 ché phdm phu ludng
sic dbi mau theo 4nh sang c6 thé hoéa rin, ma c6 thé hoa rén bang cach tiép
xuc va4i, vi du: nhiét o mdi trudng, nhu trong trudong hop hai ché pham phu
thanh phin; nhiét do cao (chdng han, 150°C dén 190°C trong 5 dén 60 phut),
nhu trong trudng hop céc ché phém pht dugc hoa rén nhiét; hoic bic xa
quang hda, nhu trong trudng hgp cac ché phim phi c6 thé hoa rén anh sdng

cuc tim.

Lép ludng sic d6i mau theo anh sang thudng bao gdm nén hitu co,
nhu nén hitu co déo nhiét va/hoic nén hitu co lién két chéo. Trong mot sb
phuong 4n, it nhat mdt phan cia nén hitu co cua 16p ludng sic d6i mau theo
anh sang c6 thé bao gém céc vat liéu khong ding huéng, nhu cac vat liéu tinh
thé 16ng, cac chit phu gia, c4c oligome, va/hodc cac polyme, nhu s& dugc thdo
luan chi tiét hon trong ban mo ta nay. Ngoai ra hodc theo cach khac dbi véi
nén hitu co, 16p ludng sic ddi mau theo anh séng c6 thé bao gdm nén vb co,
bao gém, vi du, cac lién két silan, céac lién két siloxan va/hodc cac lién két
titanat. Nén hitu co cua 16p ludng sic dbi mau theo anh séng c6 thé bao gdm,
vi du: cac chét két tua acrylat (hoic cac don vi monome) va/hodc cac chét két
tia metacrylat; cac chét két tia vinyl; cac lién két ete; cac lién két sulfit, bao
gbm céc lién két monosulfit va/hodc cac lién két polysulfit; cac lién két este
carboxylic; céc lién két cacbonat (chéng han, -0O-C(0)-0O-) cac lién két uretan
(chéng han, -N(H)-C(0)-0-); va/hodc céc lién két thiouretan (ching han, -
N(H)-C(O)-S-).

Lép ludng sdc ddi mau theo anh sang c6 thé c6 do day thich hop bat
ky. Vi mot sd phuong an, 16p ludng sic ddi mau theo 4nh sang c6 do day tir
0,5 dén 50 micro mét, nhu tir 1 dén 45 micro mét, hodc tir 2 dén 40 micro mét,

hodc tir 5 dén 30 micro mét, hoic tr 10 dén 25 micro mét.
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Vi mdt sb phuong 4n, 16p ludng sdc d6i mau theo 4nh sang, cua vat
dung dbi mau theo anh sang, con bao gdm polyme dugc tach pha ma bao gdm:
pha nén ma dugc sip xép it nhit theo phén; va pha dua vao ma duoc sép xép it
nhét theo phin. Pha dua vao bao gdm hop chit ludng sic dbi mau theo anh
sang, va hop chét ludng sic d6i mau theo anh sang dugc sép xép thing hang it

nhét theo phén véi it nhat mot phén cta pha dua vao.

Theo cdc phuong an khéc cla sang ché, 16p ludng sic ddi mau theo
4nh sang con bao gdm mang ludi polyme xen k& ma bao gdm: vat liéu khong
ding huéng ma duge sép xép it nhét theo phén, va vat liéu polyme. Vit ligu
khong ding huéng bao gdm hop chét ludng séc d6i mau theo anh sang, va hop
chét ludong sic db6i mau theo anh sang dugc sip xép thing hang it nhét theo

phan véi it nhat mot phan cia vat liéu khdng déng huéng.

Vi mot sd phuong 4n theo sang ché, 16p ludng séc d6i mau theo anh
sang ciing bao gém vat liéu khong déng huéng. Nhu dugc st dung trong ban
mo ta nay, thuat ngit “khong dédng huéng” c6 nghia 1a co it nhéit mot tinh chét
ma khéc biét trong tri sd khi do trong it nhit mot huéng khac nhau. Theo do,
“cac vat liéu khong ding huéng” 1a cac vat liéu ma co it nhét mot tinh chit ma
khac biét trong tri sd khi do trong it nhit mot hudng khac nhau. Céac vi du
khong giéi han vé cac vat liéu khong déng huéng ma co thé dugc bao gdm
trong 16p ludng sic ddi mau theo 4nh sang bao gdm, nhung khong gidi han &,
cac vat liéu tinh thé 16ng nhu duge md ta tiép trong ban mo ta nay ding dé chi
16p xép thing hang tuy y cta céc vat dung ddi mau theo anh sang theo sang

7
A

cheé.

V6i mot sb phuong én, 16p ludng sdc d61 mau theo anh sang: (i) bao
gdm céc oligome tinh thé 1ong va/hodc cac polyme dugc san xudt it nhit trong
phan tir cac hop chit mesogenic monome; va/hodc (ii) bao gdm cac hop chét
mesogenic, trong mdi trudng hop nhu duge boc 16 trong Bang 1 cta Bing
sang ché Hoa Ky s6 7,910,019 B2 & céc cot 43-90 clia ching, ma phan bdc 10

duoc két hop & day bing cach tham chiéu.
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Theo mdt s6 phuong 4n theo sang ché, hop chét ludng sic dbi mau
theo 4nh sang, cua 16p ludng séc ddi mau theo anh sang, c6 thé dugc sép xép
thdng hang it nhit theo phin bing cach twong tac voi vat liu khong déng
hudng, ma chinh né dwgc sip xép it nhét theo phan. Vi du, mic di khong giéi
han & day, it nhit mot phin cua hop chit ludng sic ddi mau theo 4nh sang c6
thé dwoc sip xép thing hang sao cho truc dai ctia hop chat ludng sic d6i mau
theo 4nh sang trong trang thai ludng séc vé& co ban 12 song song véi huéng
chung cua vt liéu khong déng huéng. Ngoai ra, mic du khong duge yéu ciu,
hop chit ludng sic ddi mau theo anh sang c6 thé 1a quy dinh gi6i han cho
ho#ic phan tng v6i véi it nhit mét phin cia vat liéu khong ding huéng duoc

sép xép it nhat theo phan.

Céc phuong phép sép xép, hodc dua vao sip xép, vat liéu khdng déng
huéng cua 16p ludng séc ddi mau theo anh sédng bao gdm, nhung khong gisi
han &, tiép xic vat liéu khong ding hudng véi it nhdt mot trong s6 tir truong,
dién truong, buic xa cyc tim dugc phan cuc tuyén tinh, buc xa h6ng ngoai
dugc phan cuc tuyén tinh, birc xa nhin théy duogc dugc phan cuc tuyén tinh, va
luc cit. Theo cach khéac hodc ngoai ra, vat liéu khong déng huéng co thé dugc
sip xép it nhét theo phin bing cach sip xép thing hang it nhét theo phan cua
vét liéu khong déng huéng véi vat liéu hodc két cAu khac. Vi dy, vat liéu
khong déng hudng c6 thé dwoc sép xép it nhat theo phin bang cach sép xép
thdng hang vat liéu khéng ding huéng véi 16p xép thang hang (hoic dung cu
dinh hudng) nhu, nhung khdng gidi han &, céac 16p xép thing hang nhu duoc

md ta cu thé hon & day dudi day.

Bing cach sip xép it nh4t mot phan cua vat liéu khong déng huéng,
c6 thé sép xép thing hang it nhit theo phén it nh4t mot phin cia hop chit
ludng sic d6i mau theo dnh sdng ma dugc chira bén trong hodc néu khong thi
lién két v6i vat lidu khong ding hudng cua 16p ludng sic d6i mau theo anh
sang. Mic du khong dugc yéu clu, hop chét ludng séc ddi mau theo 4nh séng
c6 thd dugc sép xép thing hang it nhét theo phan trong khi & trang thai dugc

kich hoat. Vi mot sb phuong 4n, viéc sip xép ctia vat liéu khong déng huéng
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va/hodc sy sip xép thing hang hop chét ludng sic ddi mau theo 4nh séng c6
thé xay ra trudc, trong hodc sau khi phi 16p ludng sic d6i mau theo anh séng

1€n trén 16p 16t.

Hop chit ludng sic d6i mau theo 4nh séng va vat liéu khong ding
huéng c6 thé dugc sép xép thing hang va duogc sép xép trong subt qua trinh
pht 16p ludng séc dbi mau theo 4nh sang 1&n trén 16p 16t. Vi dy, 16p ludng sdc
d6i mau theo 4nh sang c6 thé duoc pha bang cach st dung k¥ thuat phit ma
dua luc cit dén vat lidu khong déng hudng trong sudt qua trinh phu, sao cho
vat liéu khong ding huéng tro thanh dugc sép xép it nhét theo phin ma nhin
chung 1a song song v6i hudng cia luc cit dugc pha. Véi muc dich minh hoa
khong giéi han, dung dich ho#ic hén hgp (tuy y trong dung mdi hodc chét
mang) bao gdm hop chét ludng sic ddi mau theo anh sang va vat liéu khong
d&ng hudng c6 thé 13 man chin dugc phu 1én trén 16p 16t, sao cho cac luc cit
duoc dua dén cac vat lidu duoc phi do sy di chuyén twong dbi ctia bé mit cua
chét nén dbi véi cac vat liu dugce phi. Vi du vé quy trinh pht ma cé thé dua
it nhét cac luc cit du 1a quy trinh pht ¢6 man chén. Céc lyc cit ¢ thé gay ra it
nhit mot phin cua vat liéu khong ding huéng s& duge sip xép theo huéng
chung ma gin nhu 13 song song véi huéng cua sy di chuyén cta bé mit. Nhu
duge thao luan & trén, bing cach sip xép it nh4t mot phan cua vat liéu khong
ding hudng theo cach nay, it nhat mot phén cta hop chét ludng séc d6i mau
theo 4nh sang c6 thé duoc sép xép thing hang. Ngoai ra, va mdt cach tuy vy,
bang cach tiép xuc it nhit mot phan cta hop chéit ludng sic ddi mau theo 4nh
sang v6i birc xa quang hoéa trong sudt quy trinh phii ¢6 man chén, nhu vay dé
bién dbi hop chét ludng sic ddi mau theo 4nh sang sang trang thai dugc kich
hoat, su sip xép thing hang it nhét theo phén cta hop chét ludng sic ddi mau
theo 4nh sang trong khi ¢ trang thai dugc kich hoat cling ¢6 thé dat duoc.

Hop chét ludng sic ddi mau theo 4nh sang va vét liéu khong ding
huéng c6 thé duoc sip xép thing hang va duge sép xép sau khi pht 16p ludng
sdc ddi mau theo 4nh sang 1én trén 16p 16t. Vi dy, dung dich hodc hdn hop cta

hop chét ludng sic ddi mau theo dnh séng va vét liéu khong ding huéng (thy
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y trong dung moi hodc chit mang) c6 thé 1a dugc phi quay 1én trén it nhat mét
phén cua 16p 16t. Tiép theo, it nhat mét phan cua vat liéu khong déng hudng
c¢6 thé duoc sép xép, vi du, bang cach tiép xuc vat liéu khong ddng hudng véi
tr truong, di€n trudng, buc xa cuc tim dugc phén cuc tuyén tinh, bic xa héng
ngoai dugc phén cuc tuyén tinh, brc xa nhin théy dugc duge phén cuc tuyén
tinh, va/hodc luc cit. Theo cach khac hoic ngoai ra, vat liéu khong déng
hudng c6 thé duge sép xép it nhét theo phan bing su sip xép thing hang cta

chung véi vt liéu hodc két cdu khac, nhu 16p xép thing hang.

Hop chét ludng sic ddi mau theo 4nh sang va vat liéu khong ding
huéng c6 thé duoc sdp xép thing hang va dugc sip xép trude khi phu 16p
ludng sic ddi mau theo anh sang lén trén 16p 16t. Vi du, dung dich hodc hén
hop (ty ¥ trong dung mdi hodc chit mang) cua hop chit ludng sic ddi mau
theo anh sang va vat liéu khong déng huéng c6 thé 1a dugc phi & trén tim
polyme dugc sip xép dé tao ra 16p trén d6. Tiép theo, it nhat mot phan cta vt
lidu khong ding hudng c6 thé dugce cho phép dé sip xép thing hang véi tAm
polyme dugc sip xép bén dudi. TAm polyme c6 thé 14 tiép theo 1a dugc phu &
trén 16p 16t bang cach, vi du, cac phuong phéap lién két hosic can mong da
dugce cong nhan trong linh vuc k§ thudt ndy. Theo cach khéc, 16p ludng sic
d6i mau theo 4nh sang dugc sip xép c6 thé dugc chuyén tir tAm polyme dén /
1én trén 16p 16t bang phuong phap di duge cong nhan trong linh vyc ky thuat

nay, nhu dap khudn néng.

Véi mot sb phuong 4n, 16p ludng sic d6i mau theo anh sdng c6 thé
bao gdm polyme dugc tach pha ma bao gdm: pha nén; va pha dua vao dugc
phan phdi trong pha nén. Pha nén c6 thé bao gdm polyme tinh thé long duoc
sip xép it nhit theo phan. Pha dua vao c6 thé bao gdm vat lidu khong ding
huéng dugc sip xép it nhét theo phin va it nhit mot phén ctia hop chét ludng
séc d8i mau theo 4nh sang, ma c6 thé duogc sép xép thing hang it nhét theo
phan. Hop chét ludng sic d6i mau theo 4nh sang duoc sap xép thang hang it
nhit theo phdn c6 thé dugc sip xép thing hang it nhét theo phan bing cach

tuong tac v6i vat liéu khong déng hudng dugc sip xép it nhét theo phan.
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V6i mot s& phwong 4n, hé théng polyme pha phan tach bao gdm, vit
liéu tao ra pha nén ma bao gém vat liéu tinh thé long, va vat liéu tao ra pha
dwa vao ma bao gdm vat lidu khong ding hudng va hop chit ludng sic ddi
mau theo 4nh séng, dwgc pha 1én trén 16p 16t. Sau khi pht hé théng polyme
pha phén tach, it nhit mot phan cua vat lidu tinh thé 16ng cia pha nén va it
nhét mot phan cta vat liéu khong déng huéng cia pha dua vao dugc sap xép it
nhit theo phdn, sao cho it nhit mot phan ctia hop chét ludng séc ddi mau theo
anh sang dwoc sip xép thing hang véi it nhit mot phin cta vat liéu khong
ding hudng duge sip xép it nhét theo phin pha dua vao. Cac phuong phép sap
xép vét li€u tao ra pha nén va vt liéu tao ra pha dwa vao ctia hé théng polyme
pha phan tach bao gdm, nhung khong giéi han &, tiép xuc 16p duge phu véi it
nhit mét trong sb: tir truong, dién truong, buc xa héng ngoai dugc phan cuc
tuyén tinh, birc xa cuc tim dugc phéan cuc tuyén tinh, blrc xa nhin théy duoc
dugc phéan cuc tuyén tinh, va luc cit. Theo cach khac ho#c ngoai ra, su sép
xép véat liéu tao ra pha nén va vét lidu tao ra pha dwa vao c6 thé bao gém su
sip xép théng hang cla ching bing sy twong téc véi 16p xép thang hang dudi

day, nhu dugc mo ta cu thé hon & day.

Sau khi sép xép vét liéu tao ra pha nén va vat liéu tao ra pha dua vao,
vét li€u tao ra pha dua vao c6 thé duoc phén tach tur Véf liéu tao ra pha nén
bang cach phan tach pha gy ra bdi sy polyme hoa va/hodc sy phéan tach pha
gdy ra boi dung moi. Méc du sy phén tach cua nén va pha dua vo tao ra cic
vat liéu dugc mo td & ban md ta nay trong mbi lién quan v@&i sy phan tach vat
liéu tao ra pha dua vao tir vét li¢u tao ra pha nén, né dugc danh gia cao rﬁng
cach dién dat nay dugc du dinh dé bao gdm sy phan tach bat ky gifta cac vat
liéu tao ra hai pha. D6 13, cach dién dat ndy duoc du dinh dé bao gém sy phéan
tach cua vat liéu tao ra pha dua vao tir vat li€u tao ra pha nén va sy phan tach
cua vt li€u tao ra pha nén tr vat liéu tao ra pha dua vao, cling nhu, sy phan

tach ddng thoi ciia ca hai vat liéu tao ra pha va t5 hop bat ky ctia ching.

Theo mot sb phuong 4n, vat liéu tao ra pha nén c6 thé bao gbm vét

lidu tinh thé 1éng dugc lua chon tir cdc monome tinh thé 1ong, céc tién polyme
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tinh thé long, va cac polyme tinh thé long. Vat liéu tao ra pha dua vao cé thé,
v6i mot sb phuong 4n, bao gém vat li€u tinh thé long dugc chon tr céc
mesogen tinh thé 1éng, cdc monome tinh thé long, va cac polyme tinh thé l1ong
va céc tién polyme. Cac vi du vé cac vat lidu nay bao gdm, nhung khong gidi
han &, cac vat liéu da dugc mo ta & trén trén, va con ¢ ban md ta nay dung dé

chi 16p xép thing hang tly y.

V6i mot sb phuong 4n, hé thdng polyme pha phéan tach c6 thé bao
gdm, hdn hop cta vét liéu tao ra pha nén ma bao gdm monome tinh thé long,
vat liéu tao ra pha dua vao ma bao gdm c4c mesogen tinh thé 16ng va hop chét
ludng sic d6i mau theo 4nh séng. V&i phuong 4n nay, viéc lam cho vat liéu
tao ra pha dua vao phén tach tir vat liéu tao ra pha nén c6 thé bao gém su phéan
tach pha gy ra bdi sy polyme héa. Thong thudng, monome tinh thé long ctia
pha nén c6 thé dugc polyme héa va nho d6 phén tach tir it nhét mot phan cta
cac mesogen tinh thé 1éng cua vat liéu tao ra pha dwa vao. Céac vi du vé cac
phuong phép polyme bao gdm, nhung khong gi6i han &, sy polyme hoéa géy ra

bdi anh va sy polyme hoa gdy ra boi nhiét.

V&i mot sd phuong 4n khéc, hé thdng polyme pha phan tach c6 thé
bao gérn, hén hgp cua vat liéu tao ra pha nén ma bao gém monome tinh thé
16ng, vat liéu tao ra pha dua vao ma bao gdm monome tinh thé long c6 do
nhét thip cé chic ning khéac nhau tir monome tinh thé 1ong cua pha nén, va
hop chét ludng sic d8i mau theo anh sang. Nhu dugc st dung trong ban md ta
ndy, thuit ngt “monome tinh thé long c6 do nhét thip”, diung dé chi hdn hop
ho#c dung dich monome tinh thé 1ong ma chay tu do & nhiét dd trong phong.
Thong thudng, viéce 1am cho vat li¢u tao ra pha dua vao phéan tach tur vét lidu
tao ra pha nén bao gdm sy phén tach pha gay ra boi sy polyme héa. Vi dy, it
nhét mot phan cia monome tinh thé 16ng cua pha nén cé thé duoc polyme hoa
duéi cac didu kién ma khong lam cho monome tinh thé 16ng ctia pha dua vao
polyme héa. Trong subt qué trinh polyme hoa ctia vat liu tao ra pha nén, vat

liéu tao ra pha dua vao thudng phan tach tir vat lidu tao ra pha nén. Tiép theo,
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monome tinh thé 16ng ciia vat liéu tao ra pha dua vao cé thé dugc polyme héa

trong quy trinh polyme héa phéan tach.

Hé théng polyme pha phén tach c6 thé bao gdm, véi mét sé phuong
an, dung dich trong it nhét mot dung moi chung cua vét li€u tao ra pha nén ma
bao gdm polyme tinh thé long, v4t liéu tao ra pha dua vao ma bao gdm
polyme tinh thé 16ng khac v&i polyme tinh thé long cua vt lidu tao ra pha
nén, va hop chét ludng séc d¢6i mau theo 4nh sang. Viéc lam cho vat liéu tao
ra pha dua vao phén tach tir v4t liéu tao ra pha nén thudng bao gdm sy phan
tach pha gy ra boi dung méi. Thong thudng, it nhat mot phan ciia dung moi
chung dugc lam bay hoi tir hdn hop ctia cac polyme tinh thé 1ong, nhd d6 1am

hai pha phén tach khéi nhau.

V&i cac phuong 4n khac, 16p ludng sic d6i mau theo dnh sang c6 thé
bao gdm mang ludi polyme xen k&. Vat liéu khong déng huéng duge sép xép
it nhét theo phén va vét liéu polyme cé thé tao ra mang ludi polyme xen k&,
trong d6 it nhit mot phin cua vat liéu polyme xen k& véi it nhit mot phén cia
vat liéu khong déng hudng dugc sip xép it nhat theo phan. Nhu dugc sit dung
trong ban md ta nay, thuit ngt “mang ludi polyme xen k&” c¢6 nghia 1a t6 hop
bi rdi cua céc polyme, it nhdt mot trong sb ching dugc lién két chéo, ma
khong lién két v6i nhau. Do d6, nhu dugc st dung trong ban mo ta nay, thuit
ngit mang ludi polyme xen k& bao gdbm cac mang Iuéi polyme ban xen k&. Vi

du, xem tai liéu L.H. Sperling, Introduction to Physical Polyme Science, John

Wiley & Sons, New York (1986) & trang 46. Ngoai ra, it nh4t mot phén cia it
nhit mot hop chit ludng séc ddi mau theo anh sang dugc sép xép thing hang
it nhét theo phan c6 thé dugc sép xép thing hang it nhét theo phan véi vt lidu
khong déng huéng dugc sip xép it nhit theo phan. Hon nita, vat liéu polyme
c6 thé 1a ddng huéng hoic khong déng huéng, véi didu kién 13, trén téng thé,
16p ludng sic d6i mau theo anh séng 1a khong déng hudng. Cac phuong phap
tao ra cac 16p ludng sic ddi mau theo 4nh sang nay dugc md ta chi tiét hon &

dudi day.
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Theo mot sb phuong 4n, vat liéu khéng dang hudng c6 thé duge thich
ttng d& cho phép hop chit ludng sic dbi mau theo dnh sang chuyén tir trang
thai thir nhit sang trang thai thir hai ¢ tdc d6 mong mudn. Thong thudng, cac
hop chit ddi mau theo 4nh sang thong thudng c6 thé trai qua sy bién ddi tur
mot dang ddng phén thanh dang khac dé dap ung t&i bic xa quang héa, véi
mdi dang ddng phan c6 quang phd hép thu dic trung. Cac hop chét ludng sic
d4i mau theo 4nh sang cua cac vat dung dbi mau theo 4nh sang theo sang ché
trai qua su bién d6i ddng phan twong tw. Khong c6 du dinh bi rang budc boi ly
thuyét bét ky, tbc do hodc van téc ma & d6 su bién ddi ddng phan nay (va su
bién d6i nguoc) xay ra phu thude, trén ting phin, tity theo céc tinh chét cta
hop chét ludng sic d6i mau theo 4nh sing quanh moi trudng cuc bd (vi du,
“chat chu”). Mic du khong gi6i han & day, dugc tin tudng ring dwa trén céc
bang chimg cé trong tay ma tdc d6 cta sy bién dbi cta hop chét ludng séc ddi
mau theo anh sang phu thudc, trén timg phén, tiy theo dd linh hoat ciia céc
phén doan chudi cua chéit chi, va cu thé hon theo d0 lwu dong hodc d6 nhét
cua cac phan doan chudi cua chit chu. Do d6, duoc tin réng khong c6 du dinh
bi rang budc boi ly thuyét bat ky, ma tdc dd cua su bién ddi cua hop chét
ludng sic ddi mau theo 4nh sang thudng 1a nhanh hon trong céc chét chu c6
cac phan doan chudi linh hoat so véi trong céc chit cha c¢6 cac phan doan
chudi ciing hoic rén. Nhu vay, va theo mot sb phuong an, khi véat liéu khong
d8ng hudng 1a chét chu, vat lidu khong ddng huéng c6 thé dugc thich tmg dé
cho phép hop chit ludng sic ddi mau theo 4nh sang bién d6i giita cac trang
thai ddng phan khac nhau & céc ty 1€ mong mubn. Vi dy, vat liéu khong déng
huéng ¢6 thé dugce 1am thich tng bang cach didu chinh trong lugng phan tir

va/hodc mat d6 lién két chéo ciia vat lidu khong dang huéng.

V6i mot s phwong 4n, 16p ludng sic ddi mau theo anh sang bao gdm
polyme duogc tdch pha ma bao gdm pha nén bao gdm polyme tinh thé long, va
pha dua vao dwgc phan phdi trong pha nén. Pha dua vio c6 thé bao gdm vat
liéu khong dang hudng. Thong thudng, phén 16n hop chit ludng sic ddi mau
theo anh séng c6 thé dugc chira trong pha dwa vao cua polyme dugc tach pha.

Nhu thao luan & trén, bai vi toc do bién d6i ctia hgp chat ludng sdc doi mau
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theo 4nh sang phu thudc, trén ting phén, vao chét chu trong d6 né dugc chua,
tdc do cua su bién ddi cua hop chét ludng sdc ddi mau theo anh sang phu

thudc, gan nhu 14, vao cac tinh chat clia pha dua vao.

V6&i mot sb phuong 4n, va nhu dugc thao ludn chi tiét hon & day, cac
vat dung ddi mau theo 4nh sang theo sang ché c6 thé bao gdm 16p xép thing
hang (cling dugc dé cap dén nhu 13 su sép xép théng hang hodc dung cu dinh
huéng) ma duge dit vao gitta 16p 16t va 16p hop chét ludng sic ddi mau theo
anh sang. Polyme dugc tach pha cua 16p ludng sdc ddi mau theo anh sang, c6
thé bao gdm pha nén, it nhé4t mot phan ctia ma dugc sép xép thing hang it nhét
theo phan véi 16p xép thang hang, va pha dua vao bao gdm vit liéu khong
d&ng hudng, trong d6 pha dua vao dugc phén tan trong pha nén. It nhit mot
phan ctia vat liéu khong dédng hudng cla pha dua vao cé thé dwgc sip xép
thdng hang it nhét theo phén v&i it nhat mot phan ctia 16p xép thang hang, va
hop chét ludng sic dbi mau theo anh sang c6 thé dugc sép xép thing hang it
nhét theo phan véi it nhé4t mot phan cta vat liéu khong déng hudng. Ngoai ra,
pha nén ciia polyme dugc tach pha c6 thé bao gdbm polyme tinh thé 16ng, va
vat liéu khong ding huéng cta pha dua vao cb thé duge chon tlr cac polyme
tinh thé léng va cac mesogen tinh thé long. Cac vi du khong giéi han vé cac
vat liéu nay dugc néu chi tiét & trén. Khi bao gdbm polyme phén tach pha nhu
dugc md ta, 16p ludng sic ddi mau theo anh sang c6 thé 13 gan nhu 1a khong
c6 bui. Bui dugc xac dinh nhu phén trdm cua anh sang dugc truyén ma léch
khoi chim t6i béi 16n hon 2,5 dd so véi trung binh theo Phwong phap thu
nghiém tiéu chudn ASTM D 1003 vé Bui va B truyén sang cta Nhua trong
subt. Vi du vé& dung cu ma trén d6 cac phép do bui theo ASTM D 1003 c6 thé

duoc thuc hién 1a Haze-Gard Plus™ dugc san xuit boi BYK-Gardener.

Theo mdt s phuong 4n, hop chét ludng sic ddi mau theo 4nh sang
c6 thé duoc két vo hodc duge phu thém mot 16p son bﬁng vét liéu khong déng
huéng cé céc phan doan chudi linh hoat c6 lién quan, nhu vat liéu tinh thé
16ng, va tiép theo dugce phan tach hodc dugc phén phdi trong vat liéu c6 céc

phén doan chudi rén c6 lién quan khéc. Vat liéu khong déng huéng dugc két
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vd ¢6 thé duge sdp xép it nhit theo phan. Vi dy, hop chét ludng sic d6i mau
theo anh sang duoc két vo c6 thé dugce phan tach hodc dugc phan phéi trong
polyme tinh thé 1éng c6 céc phan doan chudi rén c6 lién quan va tiép theo hdn
hop c6 thé dugc phi 1én chit nén dé tao ra 16p ludng sic ddi mau theo 4nh

sang.

Véi céc phuong 4n khéc, 16p ludng séc dbi mau theo anh séng c6 thé
1a tAm polyme ma chura hop chit ludng sic ddi mau theo 4nh sang. Tdm
polyme dugc kéo gidn don truc hay hai truc. Su kéo gidn cua tdm polyme
thudng thu dugc trong su sép xép thédng hang va su sip xép cta vat lidu ludng
sic d6i mau theo anh séng & d6. Lop ludng sic ddi mau theo 4nh séng c6 thé,
v6i mot sd phwong 4n, bao gdm hai hozic nhidu tAm polyme, mdi tdm chira
hop chét ludng séc ddi mau theo 4nh sang, trong d6 mdi tAm c6 thé duogc kéo

gidn theo cung hudng hodc theo cac huéng khac nhau (ching han, truc giao).

Céc vi du vé céc tAm polyme ma c6 thé duoc dung 1am hoic dé tao ra
16p ludng sic d6i mau theo anh sang bao gdm, nhung khodng gi6i han &, céc
tAm polyme dugc kéo gidn (chéng han, dugc kéo gidn don tryc hodc hai truc),
c4c tdm polyme tinh thé long dugc sip xép, va cac tAm polyme dugc dinh
hudng quang hoc. Cac vi du vé céc vat liéu polyme, khéc véi céc vat liéu tinh
thé long va cac vét ligu dinh hudng quang hoc ma co thé dugc dung dé tao ra
cic tAm polyme ciia 16p ludng sic dbi mau theo anh sang bao gdm, nhung
khong gidi han &: rugu polyvinyl, polyvinyl clorua, polyuretan, polyacrylat,
va polycaprolactam. Cac vi du khong gidi han vé cac phuong phap vé céc tAm

polyme dugc sip xép it nhit theo phdn duge ma ta chi tiét hon ¢ dwdi day.

Theo mdt sd phuong 4n, 16p ludng séc dbi mau theo 4nh sang c6 thé
duoc tao ra bing cach phu it nht mot vat liéu khong déng huéng 1én trén 16p
16t, thAm hop chit ludng sic d6i mau theo anh sang vao trong vét li¢u khong
déng huéng di dugce phu tir trude, sép xép vat liéu khong ding huéng, va sép
x&p thing hang hop chét ludng sic ddi mau theo anh sang véi it nht mét phan
clia vat liéu khong ding hudng dugc sip xép. Vat liéu khong dang hudng c6

thé duoc sip xép trude, trong hodc sau qua trinh thdm bang hop chit ludng
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séc d6i mau theo anh sang. Hop chét ludng sic d4i mau theo 4nh séng c6 thé
dwoc sip xép théng hang trong khi & trang thai dugc kich hoat, v6i mot sb

phuong an.

Qua trinh thim hop chét ludng séc d6i mau theo anh sdng vao trong
vét liéu khong déng huéng da dugc phu tir trude co thé dugc bao gdm, véi
mot sb phuong an, phu dung dich hodc hén hgp cta hop chét ludng séc ddi
mau theo 4nh séng trong chit mang 1én vét li¢u khong dédng huéng da duoc
phu tir trude, va cho phép hop chét ludng sic ddi mau theo 4nh sang khuéch
tan vao trong vat liéu khong déng huéng, vi du c6 hodc khong c6 lam néng.
Vat liéu khong ding huéng da duge phu tir trude co thé 1a mot phan cla qué

trinh phu polyme dugc tach pha, nhu md ta ¢ trén.

Céac vat dung ddi mau theo anh sang theo sang ché bao gdm 16p 16t
(ching han, 16p 16t 14 & FIG. 1). Lop 1ot ¢6 thé bao gdm 16p don hodc cac 16p
phitc, m3i 16p bao gdm hop chét doi mau theo énh sang thit nhit ma c6 thé 1a
gidng nhau hogc khac nhau. Lép 16t thuong bao gdm nén hitu co, nhu nén hitu
co déo nhiét va’hodc nén hitu co lién két chéo. Ngoai ra hogc theo cach khac
dbi v&i nén hitu co, 16p 16t ¢6 thé bao gém nén vé co, bao gém, vi dy, cac lién
két silan, cac lién két siloxan va/hodc cac lién két titanat. Nén hitu co c6 thé
bao gém, vi du: cac chét két tua acrylat (hoac cac don vi monome) va’hodc
c4c chat két tia metacrylat; cac chét két tua vinyl; céc lién két ete; cac lién két
sulfit, bao gdm céc lién két monosulfit va/hodc cac lién két polysulfit; cc lién
két este carboxylic; cac lién két cacbonat (chiang han, -O-C(0)-0O-) céc lién
két uretan (ching han, -N(H)-C(0)-0O-); va/hodc cac lién két thiouretan (chdng
han, -N(H)-C(O)-S-).

Laop 16t c6 thé duogc tao ra bang cac phuong phip dd dugc cong nhén
trong linh vuc k¥ thuét nay bao gdm, nhung khong gi6i han ¢: dat mong, nhu
cua mot hodc nhidu tAm hodc mang déo; tao ra trong khudn, nhu phu trong
khuon; dic mang; va cac phuong phap phu. Thong thuong, 16p 16t dugc tao ra
tir ché phdm phu 16t. Ché phdm phu 16t c6 the 1a ché phdm phu 16t c6 thé hoéa

rin, ma c6 thé héa ran bang cach ti€p xuc v6i, vi du: nhiét d méi truong, nhu

-129-



27509

trong truong hop hai ché phém phu thanh phén; nhiét dd cao (chéng han,
150°C dén 190°C trong 5 dén 60 phit), nhu trong trudong hop cac ché phim
pht dugc héa ran nhiét; hodic biic xa quang héa, nhu trong trudng hop cac ché

pham phu cé thé héa ran anh sang cuc tim.

Lé6p 16t ¢6 thé c6 do day thich hop bit ky. Véi mot sé phuong an, 16p
16t ¢6 do day tr 0,5 micro mét dén 20 micro mét, nhu tir 1 dén 10 micro mét,
hodc tir 2 dén 8 micro mét, hodc tir 3 dén 5 micro mét, bao gém céc tri sb da

néu.

Véi mot sb phwong an, 16p 16t bao gdm nén hitu co ma bao gdm céc
lién két uretan. Theo mot sb phwong an, 16p 16t chira cac lién két uretan dugc
tao ra tir ché phdm phu c6 thé hoa rin ma bao gdm: (met)acrylat copolyme cé
chttc hydro hoat dong dugc chon tir hydroxyl, thiol, amin bac mot, amin béc
hai, va td hop cia chung; isoxyanat dwgc chén, nhu diisoxyanat va/hodc
triisoxyanat dwgc cheén véi nhém roi chuyén hodc nhém chén thich hop, nhu,
3,5-dimetyl pyrazol; va mot hodc nhidu chit phu gia, bao gdm, nhung khong
gigi han ¢, chit xuc tac bam dinh, cac chét bét cip, cac chét hép thu anh sang
cuc tim, cac chét 6n dinh nhiét, cac chit xtc tac, chét loai bo géc tu do, cac
chét lam mém déo, céac chét phu gia dong, va/hodc thubc mau tinh hodc thube
nhudm tinh (vi du, thuéc mau hodc thudc nhudm ma khong d6i mau theo anh

sang).

Cac vi du vé cic monome (met)acrylat ma & d6 (met)acrylat
copolyme cé chirc hydro hoat dong c6 thd dugc didu ché bao gém, nhung
khong giéi han &, Ci1-Cao (met)acrylat, Ci1-C20 (met)acrylat co it nhit mot
nhém hydro hoat dong dugc chon tir hydroxyl, thiol, amin bac mdt, va amin
bac hai. Cac nhom Ci-Czo cua (met)acrylat co thé 1a duge chon tir, vi du, alkyl
thdng Ci-Cz0, alkyl nhanh C3-Cao, C3-Cao xycloalkyl, polyxycloalkyl vong
dung hop C3-Cao, Cs-Cao aryl, va aryl vong dung hgp Cio-Cao.

Céc polyol bd sung ma cé thé duge dung trong cac ché phim phu 16t
ma & d6 16p 16t duoc didu ché bao gdm, nhung khdng gi6i han &, cac vat ligu

da dugc cdng nhén trong linh vyc k¥ thuét nay, nhu mo ta trong Bing sang
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ché Hoa Ky s6 7,465,414 & cot 15, dong 22 dén cot 16, dong 62, ma phin boc
16 duogc két hgp & day béng cach tham chiéu. Céc isoxyanat ma cé thé duoc
dung trong céc ché phdm phu 16t ma & d6 16p 16t duge diéu ché bao gdm,
nhung khéng gidi han &, cac vat liéu dd dugc cong nhéan trong linh vuc k¥
thuat nay, nhu md ta trong Bing sang ché Hoa Ky s6 7,465,414 & cot 16, dong
63 dén cot 17, dong 38, ma phan bdc 16 dugc két hop & ddy bing cach tham
chiéu. Céc chét xuc tac ma c6 thé duoc ding trong cac ché phim phi 16t ma &
d6 16p 16t duoc diéu ché bao gdm, nhung khong gi6i han &, cac vat liéu da
dugc cong nhén trong Iinh vuc ky thuédt nay, nhu moé ta trong Bing sang ché
Hoa Ky s 7,465,414 & cot 17, cac dong 39-62, ma phén boc 16 duge két hop

& day bing cach tham chiéu.

Lép 16t ¢6 thé con bao gdm cac chit phu gia ma nang cao sy hoat
dong ctia op chit d6i mau theo 4nh séng thu nhét. Cac chét phu gia thém c6
thé bao gdm, nhung khong gisi han &, cac chit hip thu 4nh séng cuc tim, cac
chit 6n dinh, nhu chét n dinh 4nh sang amin giy tré ngai (HALS), cac chét
chbng oxy héa, ching han, chét chéng oxy hoa polyphenolic, cac hop chét
diaryloxalamit (oxanilit) b4t dbi xtmg, cac chét khir oxy don, chéng han, phtc
ion niken vé&i phéi tir hiru co, va cac hdn hop va/hoic céc td hop cia céc vat

lidu phu gia ting cudng hoat dong db6i mau theo 4nh sang nay.

Lép 16t ¢6 thé 13 duge phi & trén chit nén bang cac phuong phap da
dugc cong nhén trong linh vyc k¥ thuét nay bao gdm, nhung khong gisi han

&, pht phun, pht xoay, pht dao bac sy (hodc phu gidm &p), va phu man chén.

L&p 16t c6 thé bao gdm céc hydrolysat it nhét theo phan cia cac chét
bt cdp, va hdn hop ctia chiing. Nhu duge st dung trong ban mo ta nay “chét
bt cip” c6 nghia 1a vat lidu c6 it nhét mot nhém cé kha ning phan tng, gén
két va/hoic két hgp v6i nhém trén it nhit mot bé mit. Véi mot sb phuong an,
chét bt cap c6 thé c6 vai try nhu cu nbi phén tir & mit phan cach cua it nhét
hai bé mit ma c6 thé cac bé mit twong ddng hodc khong tuong ddng. Céc chét
bét cap, véi cac phuong an khac, ¢6 thé 1a cac monome, céc oligome, céc tién

polyme va/hodc cac polyme. Céc vt li¢u nay bao gbdm, nhung khong giéi han
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&, organo-metallic nhu silan, titanat, zirconat, aluminat, ziriconi aluminat,
hydrolysat ciia ching va hdn hop cta chung. Nhu dugc sir dung trong ban mé
ta nay thudt ngit “cac hydrolysat it nhét theo phéan cia cac chit bat cap” ¢
nghia 12 it nhat mot s6 dén tit ca cac nhém c6 thé thuy phén trén chat bét cip

duogc thiy phén.

Ngoai ra hodc theo cach khéc dbi v&i cac chit bat cdp va/hodc cac
hydrolysat ctia cac chit bét cgp, 16p 16t c6 thé bao gdm cac hop phan ting
cuong bam dinh khéc. Vi du, mac du khong gidi han & day, 16p 16t c6 thé con
bao gdm lugng ting cudng bam dinh cuia vat ligu chira epoxy. Lugng tang
cudng bam dinh cua céac vat liéu chira epoxy khi dugc bao gdm trong 16p 16t,
c6 thé cai thién sy bam dinh cua 16p hodc 16p phu dugce phu sau d6. Mot 16p
cua cac chat xuc tac bam dinh chirc epoxy (hodc oxiran) ma c6 thé duogc bao
gdm trong cac ché phdm ma & d6 16p 16t dugc tao ra bao gdm, nhung khong
gi6i han &, alkyl-trialkoxysilan chtc  oxiran, nhu gamma-
glyxidoxypropyltrimetoxysilan, va beta-(3,4-

epoxyxyclohexyl)etyltrimetoxysilan.

Hop chét ¢6i mau theo anh sang thi nhét cua 16p 16t c¢6 thé 1a duoc
_Ach(_)n tir cac hop chit d6i mau theo anh sang dd dugc cdng nhén trong linh vuc
k}”f thuat ndy. V6i mot s phwong én, hop chét ddi mau theo 4nh sang thir nhat
dugc chon tir naphtopyran dung hop indeno, naphto[1,2-b]pyran, naphto[2,1-
b]pyran, spirofloeno[1,2-b]pyran,  phenanthropyran,  quinolinopyran,
floanthenopyran, spiropyran, benzoxazin, naphtoxazin,
spiro(indolin)naphtoxazin, spiro(indolin)pyridobenzoxazin,
spiro(indolin)floanthenoxazin, ~spiro(indolin)quinoxazin, fulgit, fulgimit,
diaryleten, diarylalkyleten, diarylalkenyleten, hop chit 61 mau theo 4nh sang
nghich dao vé nhiét, va hop chit d8i mau theo 4nh sang khong nghich dao vé

nhiét, va hdn hop cta chung.

Hop chét d6i mau theo 4nh séng thir nhét cua 16p 16t c¢6 thé, véi mot
s6 phuong 4n, dugc chon tir cac hop chéit napthopyran dung h¢p indeno nhét

dinh, nhu mb ta trong Bing sang ché Hoa Ky s 6,296,785, & cot 3, cac dong
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66 dén cot 10, dong 51, ma phan bdc 16 dugc két hop & day bang cach tham

chiéu.

Cu thé hon cac vi du v& cac hop chit napthopyran dung hgp indeno
ma ¢ d6 hop chét d6i mau theo anh sang thi nhét c6 thé dugce chon bao g?)m,

nhung khong gidi han &:

(P-a) 3,3-di(4-metoxyphenyl)-6,7,10,11-tetrametoxy-13,13-dimetyl-3H,13H-inden
0[2,1-flnaphto[1,2-b]pyran;

(P-b) 3-phenyl-3-(4-morpholinophenyl)-6,7,10,11-tetrametoxy-13,13-dimetyl-3H,1
3H-indeno[2,1-flnaphto[1,2-b]pyran;

(P-c) 3,3-di(4-metoxyphenyl)-6,7,10,11-tetrametoxy-13-hydroxy-13-etyl-3H,13H-
indeno[2,1-flnaphto[1,2-b]pyran;

(P-d) 3,3-di(4-metoxyphenyl)-6,7-dimetoxy-13,13-dimetyl-3H,13H-indeno[2,1-f]n
aphto[1,2-b]pyran;

(P-e) 3,3-di(4-metoxyphenyl)-6,7-dimetoxy-13-hydroxy-13-etyl-3H,1 3H-indeno[2,
1-f]naphto[1,2-b]pyran;

(P-f)  3,3-di(4-metoxyphenyl)-6,7,10,11-tetrametoxy-13,13-dietyl-3H,13H-indeno
[2,1-flnaphto[1,2-b]pyran;

(P-g) 3,3-di(4-metoxyphenyl)-6,7-dimetoxy-13-phenyl-3H,13H-indeno[2,1-f]napht
o[1,2-b]pyran;
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(P-h) 3-(4-metoxyphenyl)-3-(4-morpholinophenyl)-6,7-dimetoxy-13-phenyl-
3H,13H- indeno[2,1-f]naphto[1,2-b]pyran;

(P-i) 3-(4-metoxyphenyl)-3-(4-morpholinophenyl)-6,7-dimetoxy-13,13-dimetyl-3H
,13H-indeno[2,1-flnaphto[1,2-b]pyran;

(P-j) 3-(4-metoxyphenyl)-3-(4-dimetylaminophenyl)-6,7-dimetoxy-13,13-dimetyl -
3H, 13H-indeno[2,1-f]naphto[1,2-b]pyran;

(P-k) 3,3-di(4-metoxyphenyl)-6,7,8-trimetoxy-13-phenyl-3H,13H-indeno[2,1-f]nap
htho[1,2-b]pyran;

(P-) 3-(4-metoxyphenyl)-3-(4-morpholinophenyl)-6,7,10,11-tetrametoxy-13-hydro
Xy-13-etyl-3H,13H-indeno[2,1-f]naphto[1,2-b]pyran;

(P-m) 3-(4-metoxyphenyl)-3-(4-morpholinophenyl)-6,7,10,11-tetrametoxy-13-
hydro xy-13-butyl-3H,13H-indeno[2,1-f]naphto[1,2-b]pyran;

(P-n) 3-(4-morpholinophenyl)-3-phenyl-6,7-dimetoxy-13-hydroxy-13-etyl-
3H,13H-i ndeno[2,1,-flnaphto[1,2-b]pyran;

(P-0) 3,3-di(4-metoxyphenyl)-6,7-dimetoxy-13-hydroxy-13-butyl-3H,13H-
indeno[2, 1,-flnaphto[1,2-b]pyran;

(P-p) 3-(4-morpholinophenyl)-3-phenyl-6,7-dimetoxy-13-hydroxy-13-butyl-
3H,13H-i ndeno[2,1,-flnaphto[1,2-b]pyran;
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(P-q) 3-(4-metoxyphenyl)-3-(4-morpholinophenyl)-6,7-dimetoxy-13-hydroxy-13-
eth yl-3H,13H-indeno[2,1-f]naphto[1,2-b]pyran;

(P-r) 3-(4-metoxyphenyl)-3-(4-morpholinophenyl)-6,7-dimetoxy-13-etyl-13-metho
xy-3H,13H-indeno[2,1-f]naphto[1,2-b]pyran;

(P-s)  3-(4-metoxyphenyl)-3-(4-morpholinophenyl)-6,7-dimetoxy-13-hydroxy-13-
met hyl-3H,13H-indeno[2,1-f]naphto[1,2-b]pyran;

(P-t)  3-(4-metoxyphenyl)-3-(4-morpholinophenyl)-6,7-dimetoxy-13-metoxy-13-
met hyl-3H,13H-indeno[2,1-f]naphto[1,2-b]pyran; va céc td hop cta hai hoic nhiéu
hop chét cta chung.

Hop chit d6i mau theo anh sang thir nhit cta 16p 16t ¢ thé véi mot
s6 phuong 4n khéac dugc chon tir mot hodc nhidu hop chét napthopyran dung
hop indeno c¢6 nhém kéo dai lién hop pi, nhu halogen hoic nhém dugc thé
bing halogen, lién két voi vi tri 11 ctia napthopyran dung hop indeno. Cac vi
du v& céc hop chat napthopyran dung hop indeno c6 su kéo dai lién hop pi
lién két voi vi tri 11 ciia chung bao gdm, nhung khong giéi han &, cac phin
boc 16 trong Cong bd don ding ky sang ché Hoa Ky s6 US 2011/0049445 Al
& doan [0030] dén [0080].

Cu thé hon céc vi du vé cac hop chat napthopyran dung hop indeno
¢6 su kéo dai lién hop pi lién két voi vi tri 11 cua ching, ma & d6 hop chét ddi
mau theo anh sang thi nhit caa 16p 16t c6 thé duge chon bao gém, nhung
khong gidi han &:

(P-i)  3,3-di(4-metoxyphenyl)-6,7-dimetoxy-11-(4-triflometyl)phenyl-13- 13-
dimetyl-3H,13H-indeno[2',": 3,4]naphto[1,2-b]pyran;
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(P-ii)  3,3-di(4-metoxyphenyl)-6,7-dimetoxy-11-(3,5-bis(triflometyl)phenyl)- -
13,13-dimetyl-3H,13H-indeno|[2',": 3,4]naphto[1,2-b]pyran;

(P-iii) 3,3-di(4-metoxyphenyl)-6,7-dimetoxy-11-(2-triflometyl)phenyl-13,13--
dietyl-3H,13H-indeno[2',": 3,4]naphto[1,2-b]pyran;

(P-iv) 3,3-di-(4-metoxyphenyl)-6-metoxy-7-piperidino-11-(4-triflometyl)phe- nyl-
13,13-dimetyl-3H,13H-indeno[2',": 3,4]naphto[1,2-b]pyran;

(P-v) 3-(4-metoxyphenyl)-3-(4-morpholinophenyl)-6,7-dimetoxy-11-(4-triflom-
etyl)phenyl-13,13-dimetyl-3H,13H-indeno[2',": 3,4]naphto[1,2-b]pyran;

(P-vi) 3-(4-metoxyphenyl)-3-(4-morpholinophenyl)-6-metoxy-7-piperidino-11-(4-t-
riflometyl)phenyl-13,13-dimetyl-3H,13H-indeno[2',": 3,4]naphto[1,2-b]pyran;

(P-vii)  3-(4-metoxyphenyl)-3-(4-morpholinophenyl)-6-metoxy-7-morpholino-11-
(4-t- riflometyl)phenyl-13,13-dimetyl-3H,13H-indeno[2',": 3,4naphto[1,2-b]pyran;

(P-viii) 3,3-di(4-hydroxyphenyl)-6,7-dimetoxy-1'-(3,5-bis(triflometyl)phenyl)- -
13,13-dimetyl-3H,13H-indeno[2',": 3,4]naphto[1,2-b]pyran;

(P-ix) 3,3-di-(4-metoxyphenyl-6-metoxy-7-morpholino-1'-(4-triflometyl)phen- yl-
13,13-dimetyl-3H,13H-indeno[2',": 3,4]naphto[1,2-b]pyran;
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(P-x) 3,3-bis(4-metoxyphenyl)-6,7-dimetoxy-11-(2-triflometyl)phenyl-13,13- -
dimetyl-3H,13H-indeno[2',": 3,4]naphto[1,2-b]pyran;

(P-xi) 3,3-bis(4-metoxyphenyl)-6-metoxy-7-piperidino-11-(2-triflometyl)phe- nyl-
13,13-dimetyl-3H, 13H-indeno[2',": 3,4]naphto[1,2-b]pyran;

(P-xii) 3-phenyl-3'-(4-morpholinophenyl)-1'-(4-triflometyl)phenyl-13,13- -dimetyl-
3H,13H-indeno[2',": 3,4]naphto[1,2-b]pyran;

(P-xiii)  3-(4-morpholinophenyl)-3-phenyl-1'-(2-triflometyl)-phenyl-13,13-dimet-
hyl-3H,13H-indeno[2',': 3,4]naphto[1,2-b]pyran;

(P-xiv)  3-(4-butoxyphenyl)-3-(4-metoxyphenyl)-6,7-dimetoxy-11-(3-(triflometh-
yDpyridin-2-y1)-13,13-dimetyl-3H,13H-indeno[2',": 3,4]naphto[1,2-b]pyran; va cac

t6 hop cua hai hodc nhiéu ctia ching.

Hop chit ddi mau theo 4nh sing thw nhit cua 16p 16t, Vi mot sb
phuong 4n, ¢ thé lién két cong hoa tri véi nén, nhu nén hitu co, cta 16p 16t.
Véi mot s6 phuong an, hop chit ddi mau theo 4nh sang thu nhét c6 thé bao
gdm mot hoidc nhidu nhém phan tng, nhu mot hodc nhidu nhém cé thé
polyme héa. V&i mot s§ phuong an, hop chét ddi mau theo 4nh sang thi nhét
c6 thé 1a dugc chon tir 2H-naphto[1,2-b]pyran, 3H-naphto[2,1-b]pyran
va/hodc indeno[2,1-flnaphto[1,2-b]pyranm, mdi hop chit c6 it nhit m6t nhém
chttc ma c6 kha ning tao ra lién két cong hoa tri véi nhom chirc khac, nhu it
nhit mot nhém c6 thé polyme héa, nhu it nhit mot nhém thé polyalkoxylat
héa tir 1 dén 50 don vi alkoxy trén mdi nhém thé ma duoc thit nat (hoic két
thic) bing nhém c6 thé polyme héa. Céc vi du v& cac hop chat ddi mau theo

4nh sdng nay ma & d6 hop chit ddi mau theo dnh séng thur nhit c6 thé duoc
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chon bao gdm, nhung khong giéi han &, cac phén bdc 1 trong Bing sang ché
Hoa Ky s 6,113,814, & cot 2, dong 52 dén cot 8, dong 40, ma phan boc 10

dwgc két hop & ddy bang cach tham chiéu.

Cu thé hon céac vi du vé cac hop chéit ¢6i mau theo dnh séng c6 chic
phan tng ma & d6 hop chit dbi mau theo anh sang thu nhét ctia 16p 16t c6 thé
dugc chon bao gém, nhung khong gidi han &:

(P-a’) 2,2-bis(4-metoxyphenyl)-5-(2-hydroxyetoxycacbonyl)-6-phenyl-[2H]-naphto
[ 1 >2'b]pyran;

(P-b’) 2,2-bis(4-metoxyphenyl)-5-(2-(2-hydroxyetoxy)etoxycacbonyl)-6-phenyl-[2
H]-naphto[ 1,2-b]pyran;

(P-¢”) 2,2-bis(4-metoxyphenyl)-5-(2-(2-(2-hydroxy-etoxy)etoxy)etoxycacbonyl)- 6-
phenyl-[2H]naphto[1,2-b]pyran;

(P-d>)  2,2-bis(4-metoxyphenyl)-5-(2-(2-(2-(2-hydroxyetoxy)etoxy)etoxy)etoxyc
arbonyl)-6-phenyl-[2H]-naphto[1,2-b]pyran;

(P-e) 2,2-bis(4-metoxyphenyl)-5-metoxycacbonyl-6-(2-hydroxyetoxy)etoxy-[2H]-
naphto[1,2-b]pyran;

(P-f) 2-(4-(2-(2-hydroxyetoxy)etoxy)etoxyphenyl)-2-phenyl-5-metoxycacbonyl-6 -
metyl-9-metoxy-[2H]-naphto[1,2-b]pyran;

(P-g’) 2,2-bis(4-metoxyphenyl)-5-metoxycacbonyl-6-phenyl-9-(2-hydroxyetoxy)-
[2 H]-naphto[1,2-b]pyran;

-138-



27509

(P-h’) 2,2-bis(4-metoxyphenyl)-5-metoxycacbonyl-6-(4-(2-hydroxyetoxy)phenyl)-[
2H]-naphto[1,2-b]pyran;

(P-I’) 2-phenyl-2-(4-(2-(2-metylprop-2-enoyloxy)etoxy)phenyl)-5-(metoxycacbony
1)-6-(2-(2-metylprop-2-enoxyloxy)etoxy)-[2H]-naphto[1,2-b]pyran;

P-") 2,2,6-triphenyl-5-(2-(2-(2-(2-metylprop-2-enoxyloxy)etoxy)etoxy)etoxyc
arbonyl)-[2H]-naphto[1,2-b]pyran;

(P-k’) 2,2,6-triphenyl-5-(2-(2-(2-(oxiran-2-ylmetoxy)etoxy)etoxy)etoxycacbony 1)-
[2H]-naphto[1,2-b]pyran;

(P-1) 3,3-di(4-metoxyphenyl)-6,11,13-trimetyl-13-(2-(2-hydroxyetoxy)etoxy)-i
ndeno[2,1-f]naphto[1,2-b]pyran;

(P-m’) 3,3-di(4-metoxyphenyl)-6,11,13-trimetyl-13-(2-(2-(2-(2-hydroxyetoxy)eth
oxy)etoxy)etoxy)-indeno[2,1-flnaphto[1,2-b]pyran;

(P-n’) 3,3-bis(4-metoxyphenyl)-9-metoxycacbonyl-8-(2-hydroxyetoxy)etoxy-[3H]-
naphto[2,1-b]pyran;

(P-0’)  3-(4-(2-(2-hydroxyetyl)etoxy)etoxyphenyl)-3-phenyl-9-metoxycacbonyl-8-
metoxy-[3H]-naphto[2,-1-b]pyran; va cac t6 hop ctia hai hoic nhiéu cta ching.

Céc vat dung d6i mau theo 4nh séng theo sang ché bao gdm 16p phu
trén cung (chéng han, 16p phu trén cung 20 & FIG. 1). Lop phu trén cling c6
thé bao gdém 16p don hoic cic 16p phic, mbi 16p bao gdm hop chét ddi mau

theo 4nh sang tht hai ma c6 thé 1a gidng nhau hogc khac nhau. Lop phu trén
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cung thudng bao gdm nén hitu co, nhu nén hiru co déo nhiét va/hoic nén hiru
co lien két chéo. Ngoai ra hodc theo cach khac dbi voi nén hitu co, 16p pht
trén cing c6 thé bao gdbm nén v co, bao gdm, vi du, céc lién két silan, cac
lien két siloxan va/hodic céc lién két titanat. Nén hitu co ¢ thé bao gém, vi du:
cac chét két taa acrylat (hodc cac don vi monome) va/hodc cac chét két taa
metacrylat; cdc chét két tia vinyl; cc lién két ete; cac lién két sulfit, bao gdm
cac lien két monosulfit va/hodc cac lién két polysulfit; cac lién két este
carboxylic; céc lién két cacbonat (ching han, -O-C(0)-0-); cac lién két uretan
(ching han, -N(H)-C(0)-0-); va/hodc céc lién két thiouretan (ching han, -
N(H)-C(O)-S-).

Lép ph trén ciing c6 thé dugce tao ra bang cac phuong phap d duge
cdng nhén trong linh vuc k¥ thuét nay bao gém, nhung khong gi6i han &: dat
mong, nhu mdt hodc nhiéu tAm hodc mang déo; tao ra trong khudn, nhu phu
trong khudn; diuc mang; va cac phuong phép phu. Thong thudng, 16p phu trén
cing dugc tao ra tir ché phdm phu 16p trén cung. Ché pham phu 16p trén clng
¢6 thé 1a ché phidm phu 16p trén cling c6 thé héa rin, ma c6 thé hoa rin bing
cach tiép xtc vai, vi du: nhiét d0 mdi trudng, nhu trong truedng hop hai ché
phim phu thanh phén; nhiét d§ cao (ching han, 150°C dén 190°C trong vong
5 dén 60 phut), nhu trong trudng hop cac ché phdm phu dugc héa rin nhiét;
hodc blrc xa quang héa, nhu trong trudng hop cac ché phim phu c6 thé héa

rdan &nh sang cuc tim.

Lép phu trén cung co thé c6 d6 day thich hgp bat ky. Vi mot )
phuong 4n, 16p phu trén cung cé d6 day tr 0,5 micro mét dén 10 micro mét,
nhu tir 1 dén 8 micro mét, hodc tir 2 dén 5 micro mét, bao gém céc tri sb6 da

néu.

V&i mot sé phuong 4n, 16p pht trén clng bao gdm nén hitu co duge
tao ra tir ché phdm gbc acrylat dugc hoa rdn nhd burc xa, va do d6, 16p phu
trén cing c6 thé dugc mé ta nhu 1a 16p phu trén ciing gbc acrylat.

Lép pht trén cung gbc acrylat c6 thé dugc didu ché bang cach sur

dung cac monome (met)acrylat va/hodic cac monome cua axit (met)acrylic.
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Céac monome (met)acrylat cé thé bao gém mo&t, hai, ba, bén hoic niam nhém
(met)acrylat. Cac monome cO thé ddng polyme hoéa cong, nhu cdc monome
epoxy, ching han, cdc monome chita chirc epoxy (hodc oxiran), cAc monome
chita c& hai chiic (met)acrylat va epoxy, v.v.., cling cd thé duoc thé hién &
dang phbi ché dugc dung dé didu ché 16p phu trén cung gbc (met)acrylat. Cac
monome dugc dung dé diéu ché 16p phu trén cing gbc (met)acrylat bao gdm
nhiéu, ching han, lugng 16n, vi duy, nhiéu hon 50 phén trim tinh theo trong
lugng, 12 cdc monome (met)acrylat; do do6, chi 16 "l6p phu trén cung gbe
(met)acrylat". Cac dang phdi ché duge dung dé didu ché 16p phu trén cing
gbc (met)acrylat ciing c thé chita cac hop phan c6 it nhit mét nhém
isoxyanat (-NCO), chéng han, cdc monoisoxyanat hitu co, céc diisoxyanat hitu
o, va céc triisoxyanat hitu co, nho d6 céc lién két uretan c6 thé duoc két hop

vao 16p phu trén cung.

L&p phu trén cung gbc (met)acrylat thuong c6 céc tinh chit vat ly
bao gdm, vi duy, tinh trong sudt, tinh dinh chit vao 16p ludng séc d61 mau theo
anh sang & dudi ddy, khang v6i sy loai bo bang hydroxit cuia kim loai kiém
dang nudc, twong thich véi 16p phu chdng mai mon tuy y, nhu 16p pht cing
dugce phu 1én bé mat cta nod, va tinh chdng trdy xudc. Vi mot s6 phuong an,
16p phu trén cung gbc (met)acrylat c6 do cirmg ma 1a 16n hon so voi do cung

ctia 16p ludng sdc d6i mau theo anh sang.

Quaé trinh héa rén bang birc xa cua hé théng polyme gbc (met)acrylat
c6 thé dugc thu dugc béng cach, vi dy, hoa rén béng tia dién tir (EB) va/hodc
bitc xa 4nh sang cyuc tim (UV). Hoa rén bing cuc tim thudng doi hoi sy c6 mat
cua it nhit mot chit khoi mao quang hoc, trong khi qué trinh héa ring bang
cac k¥ thuat EB khong doi hoi chét khoi mao quang hoc. V&i ngoai 1€ cua sy
c6 mit hodic ving mit cla chét khoi mao quang hoc, cic dang phéi ché gbc
(met)acrylat, ma dugc hoa ring bang k§ thuat birc xa UV hodc EB, mat khac

c6 thé 12 giéng nhau.

Cac hé thdng polyme gbc (met)acrylat co thé héa rin bang bic xa da

dugc biét dén rong rii trong linh vuc polyme, va hé théng bat k¥ trong s6 nay
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¢6 thé dwoc dung dé san xuét 16p phu trén ciing gdc (met)acrylat ctia vat dung
d6i mau theo 4nh sang theo sang ché. Theo mdt s& phuong 4n, 16p phu trén
cing gdc (met)acrylat duge tao ra tir ché phdm ma bao gdm td hop hoic hdn
hop pha tron co thé tron 13n ctia mot hodc nhidu monome (met)acrylat duge
khoi mao géc tu do va/hodc cac oligome (met)acrylat, va mot hodc nhiéu
monome epoxy dugc khoi mao cation. Khi hdn hop pha tron nay cta cac
monome dwgc héa rin, 16p phu trén cung gbc (met)acrylat, & dang
polymerizat, dugc tao ra va bao gdm mang lu¢i dan xen cta cac hop phéan

polyme.

Céc vi du vé& cdc monome (met)acrylat ma cé thé dugc bao gdm trong
céc ché phdm ma & d6 16p pha trén ciing gbc (met)acrylat cé thé dugc tao ra,
bao gdm, nhung khdng gi6i han &, (met)acrylat da chuc c6, vi du, cdc nhom
(met)acrylat 1, 2, 3, 4, hodc 5, va (met)acrylat don chuec, chéng han, a
monome chta nhém (met)acrylat don, (met)acrylat dugc thé hydroxy va céc
alkoxysilyl alkylacrylat, nhu trialkoxysilylpropylmetacrylat. CAc monome/cac
chét pha lodng phan ting khéc, nhu cdc monome chita nhém chtc etylen (khac

véi cac monome (met)acrylat) cling c6 thé c6 mat.

Céc ché phdm ma & d6 16p phu trén cing gbc (met)acrylat c6 thé
dwoc tao ra, va cac phuong phap phit va héa rén céc ché phdm nay, dugc boc
16 & cot 16, dong 14 dén cot 25, dong 3 cia Bing sing ché Hoa Ky s
7,452,611 B2, ma phén bdc 16 dugc két hop & day bang cach tham chiéu.

Céac ché phdm ma & d6 16p phu trén cung dugce tao ra cd thé bao gdm
mot hodc nhidu chét phu gia, bao gdm, nhung khong gi¢i han &, chét xuc tac
bam dinh, cdc chéit bit cip, céc chét hép thu anh sang cuc tim, cac chét on
dinh nhiét, cac chét xuc tac, chét loai bo géc tu do, cac chét 1am mém déo, cac
chit phu gia dong, va/hodc thudc mau tinh hodc thubc nhudm tinh (vi du,

thudoc mau ho#c thudc nhudm ma khoéng d6i mau theo dnh sang).

V6i mot sb phuong 4n, cac ché phdm ma & d6 16p phu trén cing gbc
(met)acrylat co thé dugc tao ra, c6 thé con bao gdm chét xtc tac bam dinh.

Chéit xtic tic bam dinh c6 thé 13 duoc chon tir, vi du, organo-silan, nhu
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aminoorganosilan, cac chit bit cdp titanat hiru co, cac chit bit cdp zirconat
hitu co, va td hop cua chung. Céc vi du vé chét xtc tdc bam dinh, ma c6 thé
dugc bao gdm trong cac ché phdm ma & d6 16p phu trén cing gbc acrylat c6
thé dugc tao ra, bao gém, nhung khong gidi han &, cac phén bdc 10 & cot 5,
dong 52 dén cot 8, dong 19 cua Bing sang ché Hoa Ky sb 7,410,691 B2, ma

phén bdc 16 duogc két hop & day béng cach tham chiéu.

L&p pht trén cung, véi mot sé phwong 4n, bao gdm chét hip thy 4nh
sang cuc tim va/hodc hop chit ddi mau theo anh sang thir hai. V&i mot sb
phuong an, 16p phu trén cung bao gbm chit hip thu 4nh séng cuc tim, va
khong c6 hop chit dbi mau theo 4nh sang thr hai. Véi mot s6 phuong 4n
khac, 16p phu trén cung bao gdm ca chat hip thu 4nh sang cyc tim va hop chét
dbi mau theo anh sang th{ hai. V4i mot s6 phuong 4n bd sung, 16p phu trén
cing bao gdm hop chét dbi mau theo anh sang tht hai, va khong c6 chit hip
thu 4nh sang cuc tim. Chét hép thu 4nh sang cyc tim cé thé 13 duogc chon tir
mot hodic nhidu nhém duge cong nhan trong linh vyc ky thudt nay cua céc
chit hip thu 4nh séng cyc tim, bao gdm, nhung khéng giéi han ¢: amin bi can
tr&, ma c6 thé bao gém, vi du, mdt hodc nhiéu nhém piperidin dugc thé
2,2,6,6-tetrametyl Ns; benzophenon; va/hodc benzotriazol. Chét hép thu anh
sang cuc tim thuong c6 mit & it nhét lugng hitu hiéu, nhu tir 0,1 dén 10 phén
trdm theo trong lugng, hodc 0,2 dén 5 phén tram theo trong lugng, hodc tir 0,3
dén 3 phin tram theo trong lugng, trén co s& tdng trong lugng rin cia ché

phdm phil ma & d6 16p phu trén cung dugc didu ché.

Hop chét d6i mau theo anh sang thi hai trong mgt s6 phuong 4n c6
th® duwgc chon tir naphtopyran dung hgp indeno, naphto[l,2-b]pyran,
naphto[2,1-b]pyran, spirofloeno[1,2-b]pyran, phenanthropyran,
quinolinopyran, floanthenopyran, spiropyran, benzoxazin, naphtoxazin,
spiro(indolin)naphtoxazin, spiro(indolin)pyridobenzoxazin,
spiro(indolin)floanthenoxazin, ~spiro(indolin)quinoxazin, fulgit, fulgimit,

diaryleten, diarylalkyleten, diarylalkenyleten, hop chét ddi mau theo 4nh sang
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nghich déo vé nhiét, va hop chit d6i mau theo 4nh sdng khdng nghich dao vé

nhiét, va hdn hop clia ching.

Hop chét ddi mau theo 4nh sang tht hai ctia 16p phu trén cung, véi
mot s phuong an, co thé lién két cong hoa tri vai nén, nhu nén hitu co, cia
16p phu trén cing. Vi mot sb phwong an, hop chét d6i mau theo 4nh séng thir
hai c6 thé bao gém mdt hodc nhiéu nhém phan ng, nhu mdt hodc nhiéu nhém
¢6 thé polyme héa. V&i mot s phuong 4n, hop chit ddi mau theo anh séng
thit hai c6 thé bao gém it nhit mot nhém chitc ma c6 kha nang tao ra lién két
cong hoéa tri v6i nhom chirc khac, nhu it nhit mdt nhém c6 thé polyme hoa,
nhu it nhit mot nhém thé polyalkoxylat héa vai tir 1 ¢én 50 don vi alkoxy trén

mdi nhém thé ma dwoc thit nit (hodc két thuc) bang nhém c¢é thé polyme hoa.

Hop chit ddi mau theo 4nh sang thir hai, theo mot s6 phuong 4n bd
sung, bao gém it nh4t mét monome vong dugc m& vong. Cac vi du vé céc
monome vong dugc mé vong bao gdm, nhung khong giéi han &, este vong,
cacbonat vong, ete vong, va siloxan vong. Cu thé hon cac vi du vé céc
monome vong duge mé vong bao gdm, nhung khong gi6i han &, e-caprolacton

va 6-valerolacton.

Cac hop chit d6i mau theo 4nh sdng ma bao gdm it nhit mot
monome vong dugec m& vong, ma & d6 hop chét dbi mau theo anh sang tht hai
¢6 thé dugc chon, bao gém, nhung khong giéi han &, cac phﬁn bdc 10 & cot 2,
dong 32 dén cot 6, dong 60 cua Béng sang ché Hoa Ky sb 7,465,415 B2, ma
phﬁn boc 10 dugc két hgp & day béng cach tham chiéu. Cu thé hon cac vi du
v& céac hop chét ddi mau theo 4nh sang c6 it nhit mot monome dugc méd vong
lien két cong hoa tri & d6, ma & do hop chit d6i mau theo 4nh sang thi hai c6
thé dugc chon, bao gdm, nhung khong giéi han &, céac phan boc 1§ & cac cot
86 dén 103, va duogc biéu hién bing cic Cong thirc 17 dén 28 cua Bing séng
ché Hoa Ky sb 7,465,415 B2, ma phén bdc 16 duge két hop & day béng cach

tham chiéu.

Céc vi du vé cdc monome vong dugc mé vong ma c6 thé duoc dung

dé tao ra cac hop chat doi mau theo anh sang c6 it nhat mot monome dugc mé
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vong lién két cong hoéa tri & d6, ma & d6 hop chat d¢6i mau theo anh sang thu
hai ¢6 thé dugc chon, bao gém, nhung khong gidi han 0, cac phén boc 16 & cdt
10, dong 43 dén cot 12, dong 26 cta Bang sang ché Hoa Ky sb 7,465,415 B2,
ma phén boc 16 dugc két hop & day béng cach tham chiéu. Cac vi du vé cac
chat khoi mao d6i mau theo 4nh sang ma c6 thé dugc phan ung voi cac
monome vong dugc md vong nhu vay dé tao ra cac hop chét d8i mau theo anh
sédng co it nhit mot monome dugec mo vong lién két cong hda tri & d6, ma & 46 -
hop chét d6i mau theo 4nh séng thi hai c6 thé duogc chon, bao gdm, nhung
khong gidi han &, cac phan bdc 1§ trong Bang 1 & cac cdt 14 dén 59 cua Bang
sang ché Hoa Ky s6 7,465,415 B2, ma phin boc 16 duwgc két hop & day bang

cach tham chiéu.

Cu thé hon céc vi du vé& cac chit khoi mao d6i mau theo 4nh séng ma
c¢6 thé duoc phan tmg véi cdc monome vong dugc md vong (bao gdm, nhung
khong gidi han &, este vong, cacbonat vong, ete vong, va’/hodc siloxan vong
nhu dugc thdo ludn & trén) nhu vay dé tao ra cac hop chit ddi mau theo 4nh
sang c6 it nhat moét monome dwoc m& vong lién két cong hoéa tri & d6, ma & d6
hop chit d6i mau theo 4nh sang thir hai ciia 16p phu trén cing cé thé dugc

chon, bao gdm, nhung khong gi6i han &, cac hop chét sau day:

(TC-1) 3,3-di(4-metoxyphenyl)-6,7-dimetoxy-13-metyl-13-(2-(2-
hydroxyetoxy)etoxy)-3H, 13H-indeno[2,1-flnaphto[1,2-b]pyran;

(TC-2) 3,3-d (4-metoxyphenyl)-6-metoxy-7-((3-hydroxymetyl)piperidinyl)-13-etyl-
13-(2-(2-hydroxyetoxy)etoxy)-3H, 13H-indeno[2,1-f]naphto[1,2-b]pyran;

(TC-3) 3-(4-(2-hydroxyetoxy)phenyl)-3-(4-flophenyl)-6,7-dimetoxy-1 3-etyl-1- 3-
(2-(2-hydroxyetoxy)etoxy)-3H, 13H-indeno[2,1-f[naphto[1,2-b]pyran;

(TC-4) 3-phenyl-3-(4-(2-hydroxyetoxy)phenyl)-6-metoxy-7-(3-metylpiperidin- yl)-
13,13-dimetyl-3H, 13H-indeno[2,1-f]naphto[1,2-b]pyran:
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(TC-5) 3-(4-metoxyphenyl)-3-(4-flophenyl)-6-metoxy-7-(piperidino)-13-butyl--
13-(2-(2-hydroxyetoxy)etoxy)-3H, 13H-indeno[2,1-f]naphto[1,2-b]pyran;

(TC-6)  3-phenyl-3-(4-(2-hydroxyetoxy)phenyl)-6-metoxy-7-piperidino-13,13-d-
imetyl-3H, 13H-indeno[2,1-f]naphto[1,2-b]pyran;

(TC-7) 3-phenyl-3-(4-metoxyphenyl)-6,11-dimetoxy-13-(2-hydroxyetyl)-3H, 13H-
indeno[2,1-flnaphto[1,2-b]pyran;

(TC-8)  3-phenyl-3-(4-morpholinophenyl)-6,7-dimetoxy-13-hydroxymetyl-13-(2-
hydroxyetyl)-3H, 13H-indeno[2,1-f]naphto[1,2-b]pyran;

(TC-9)  3-(4-metoxyphenyl)-3-(4-morpholinophenyl)-6-metoxy-7-pyrolidino-13-
etyl-13-(2-(2-hydroxyetoxy)etoxy)-3H, 13H-indeno[2,1-f|naphto[1,2-b]pyran;

(TC-10) 3-(4-metoxyphenyl)-3-(4-flophenyl)-6-metoxy-7-morpholino-13-etyl-13-
(2-(2-hydroxyetoxy)etoxy)-3H, 13H-indeno[2,1-flnaphto[1,2-b]pyran;

(TC-11) 3,3-di-(4-metoxyphenyl)-13-propyl-13-hydroxymetyl-3H, 13H-
indeno[2,1-flnaphto[1,2-b]pyran;

(TC-12) 3,3-di(4-metoxyphenyl)-6,7-dimetoxy-11-flo-13-butyl-13-(2-(2-
hydroxyetoxy)etoxy)-3H, 13H-indeno[2,1-f]naphto[1,2-b]pyran;
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(TC-13) 3-phenyl-3-(4-(2-hydroxyetoxy)phenyl)-6,11-dimetoxy-3H, 13H-
indeno[2,1 -flnaphto[1,2-b]pyran; (14) 3,3-di(4-metoxyphenyl)-6,7-dimetoxy-13-
hydroxymetyl-13-(2-hydroxyetyl- )-3H, 13H-indeno(2,1 -flnaphto[1,2-b]pyran;

(TC-15) 3-phenyl-3-(4-(2-hydroxyetoxy)phenyl)-6,11-dimetyl-3H, 13H-
indeno[2,1-flnaphto[1,2-b]pyran;

(TC-16) 3-phenyl-3-(4-metoxyphenyl)-6,11-dimetoxy-13-etyl-13-(2-(2-
hydroxyetoxy)etoxy)-3H, 13H-indeno[2,1-f]naphto[1,2-b]pyran;

(TC-17) 3,3-di-(4-metoxyphenyl)-6,11,13-trimetyl-13-(2,2-
di(hydroxymetyl)butoxy-3H, 13H-indeno[2,1-f]naphto[1,2-b]pyran;

(TC-18)  2,2-di(4-metoxyphenyl)-5-metoxycacbonyl-6-(2-hydroxyetoxy)-[2H]-
naphto[1,2-b]pyran;

(TC-19) 3-phenyl-3-(4-(2-hydroxyetoxy)phenyl)-6,11 -dimetoxy-13,13-dimetyl-
3H, 13H-indeno[2,1-f]naphto[1,2-b]pyran;

(TC-20)  3-phenyl-3-(4-metoxyphenyl)-6-metoxy-7-((3-hydroxymetyl)piperidno)-
13,- 13-dimetyl-3H, 13H-indeno[2,1-f]naphto[1,2-b]pyran;

(TC-21)  3-(4-metoxyphenyl)-3(4-morpholin-1-yl-phenyl)-6,11-dimetyl-13-butyl-
13-(2-(2-(2-hydroxyetoxy)etoxy)etoxy)-3H, 13H-indeno[2,1-f]naphto[1,2-b]pyran;

(TC-22) 3-phenyl-3-(4-(2-hydroxyetoxy)phenyl)-6-metoxy-7-(morpholino)-13,13-
dimetyl-3H, 13H-indeno[2,1-flnaphto[1,2-b]pyran;
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(TC-23) 3-phenyl-3-(4-(2-hydroxyetoxy)phenyl)-6,7-dimetoxy-13,13-dimetyl-
3H,13- H-indeno[2,1-]naphto[1,2-b]pyran;

2 TC-4) 3-(4-metoxyphenyl)-3-(4-flophenyl)-6-metoxy-7-((4-
hydroxymetyl)piperidino)-13,13-dimetyl-3H, 13H-indeno[2,1-f|naphto[1,2-
b]pyran;

(TC-25)  3,3-di(4-metoxyphenyl)-6-metoxy-7-(piperidin-1-yl)-13-butyl-13-(2-(2-
hy- droxyetoxy)etoxy)-3H, 13H-indeno[2,1-f]naphto[1,2-b]pyran;

(TC-26) 3,3-di(4-metoxyphenyl)-6,11-dimetyl-13-hydroxymetyl-13-(2-
hydroxypropy- 1)-3H, 13H-indeno[2,1-f]naphto[1,2-b]pyran;

(TC-27) 3-phenyl-3-(4-morpholinophenyl)-6-metoxy-7-((3-
hydroxymetyl)piperidino)-  -13,13-dimetyl-3H,  13H-indeno[2,1-f]naphto[1,2-
b]pyran;

(TC-28) 3-(4-metoxyphenyl)-3-(4-flophenyl)-6-metoxy-7-(morpholin-1-yl)-13-bu-
tyl-13-(2-(2-hydroxyetoxy)etoxy)-3H, 13H-indeno[2,1-f]naphto[1,2-b]pyran;

(TC-29) 3-(4-flophenyl)-3-(4-(2-hydroxyetoxy)phenyl)-13,13-dimetyl-3H, = 13H-
indeno[2,1-flnaphto[1,2-b]pyran;

(TC-30) 2,2-di(4-metoxyphenyl)-5-(2-(2-hydroxyetoxy)etoxycacbonyl)-6-phenyl-
[2- H]-naphto[1,2-b]pyran;
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(TC-31)  3-(4-flophenyl)-3-(4-metoxyphenyl)-6,7-dimetoxy-13-etyl-13-(2-(2-hy-
droxyetoxy)etoxy)-3H, 13H-indeno[2,1-f]naphto[1,2-b]pyran;

(TC-32) 3,3-di(4-metoxyphenyl)-6-metoxy-7-morpholino-13-etyl-13-(2-(2-
hydroxye- thoxy)etoxy)-3H, 13H-indeno[2,1-f]naphto[1,2-b]pyran;

(TC-33) 3-(4-morpholinophenyl)-3-phenyl-6,7-dimetoxy-13-butyl-13-(2-(2-(2-
hydrox- yetoxy)etoxy)etoxy)-3H, 13H-indeno[2,1-f]naphto[1,2-b]pyran;

(TC-34) 3-(4-flophenyl)-3-(4-(3-hydroxymetyl)piperidinophenyl)-6-metoxy-7-hy-
droxy-13,13-dimetyl-3H, 13H-indeno[2,1-f]naphto[1,2-b]pyran:

(TC-35) 3-(4-morpholinophenyl)-3-phenyl-6,7-dimetoxy-13-etyl-13-(2-(2-
hydroxyet- hoxy)etoxy)-3H, 13H-indeno[2,1-f]naphto[1,2-b]pyran;

(TC-36) 2,2-diphenyl-5-hydroxymetyl-8-metyl-2H-naphto[1,2-b]pyran;

(TC-37) 3-(4-(2-hydroxyetoxy)phenyl)-3-(4-morpholinophenyl)-13,13-dimetyl-3H,
13H-indeno[2,1-f]naphto[1,2-b]pyran;

(TC-38) 3-(4-(2-hydroxyetoxy)phenyl)-3-phenyl-13,13-dimetyl-3H, 13H-
indeno[2,1-f]naphto[1,2-b]pyran;

(TC-39) 2,2-diphenyl-5-(2-(2-hydroxyetoxy)etoxycacbonyl)-8,9-dimetoxy-2H-
naphto[1,2-b]pyran;
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(TC-40)  3,3-di(4-flophenyl)-6,7-dimetoxy-13-butyl-13-(2-(2-(2-hydroxyetoxy)e-
thoxy)etoxy)-3H, 13H-indeno[2,1-f]naphto[,2-b]pyran;

(TC-TC-41) 3-(4-flophenyl)-3-(4-metoxyphenyl)-6  ,7-dimetoxy-13-etyl-13-(2-
(2hydroxyetoxy)etoxy)etoxy)-3H, 13H-indeno[2,1-f]naphto[1,2-b]pyran;

(TC-42) 2,2-diphenyl-5-metoxycacbonyl-6-phenyl-9-(2-hydroxyetoxy)-2H-
naphto[1, 2-b]pyran;

(TC-43) 3,3-di(4-metoxyphenyl)- 6,7-dimetoxy-13-etyl-13-(2-(2-(2-
hydroxyetoxy)etoxy)etoxy)-3H, 13H-indeno[2,1-f]naphto[1,2-b]pyran;

(TC-44) 3-(4-metoxyphenyl)-3-phenyl-6,11 -dimetoky- 13-(2-(2-
hydroxyetoxy)etoxy- )-3H, 13H-indeno[2,1-f]naphto[1,2-b]pyran;

(TC-45) 3-(4-(2-hydroxyetyl)piperazinophenyl)-3-phenyl-13,13-dimetyl-3H, 13H-
indeno[2,1-flnaphto[1,2-b]pyran;

(TC-46) 2,2-di(4-metoxyphenyl)-5-(2-hydroxyetoxy)cacbonyl-6-phenyl-2H-
naphto[1- ,2-b]pyran;

(TC-47) 3-(4-morpholinophenyl)-3-phenyl-13-etyl-13-(2-(2-(2-
hydroxyetoxy)etoxy)etoxy)-3H, 13H-indeno[2,1-f]naphto[1,2-b]pyran;

(TC-48) 3,3-di(4-metoxyphenyl)-6-metoxy-7-(3-hydroxymetyl)piperidinophenyl)-
13, 13-dimetyl-3H, 13H-indeno[2,1-flnaphto[1,2-b]pyran;
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(TC-49) 3,3-di(4-metoxyphenyl)-6,11,13-trimetyl-13-(2-(2-(2-
hydroxyetoxy)etoxy)etoxy)-3H, 13H-indeno[2,1-f]naphto[l ,2-b]pyran;

(TC-50) 2,2-diphenyl-5-(2-(2-hydroxyetoxy)etoxycacbonyl)-6-(4-metoxy)phenyl-
9-metoxy-2H-naphto[1,2-b]pyran;

(TC-51) 2,2-diphenyl-5-hydroxymetyl-7,8-dimetoxy-2H-naphto[1,2-b]pyran;

(TC-52) 3,3-di(4-metoxyphenyl)-6,11,13-trimetyl-13-(10-hydroxydecoxy)-3H,
13H-indeno[2,1-f]naphto[1,2-b]pyran;

(TC-53) 2,2di(4-metoxyphenyl)-5-metoxycacbonyl-6-(4-(2-hydroxyetoxy)phenyl-
2H-naphto[1,2-b]pyran;

(TC-54) 3,3-di(4-metoxyphenyl)-6,11-dimetoxy-13-(2-hydroxyetoxy)-3H, 13H-
indeno[2,1-flnaphto[1,2-b]pyran;

(TC-55)  3-phenyl-3-(4-morpholinophenyl)-6,11-dimetoxy-13-(2-hydroxyetoxy)-
3H, 13H-indeno[2,1-f]naphto[2-b]pyran;

(TC-56) 2,2-di(4-metoxyphenyl)-5-metoxycacbonyl-6-phenyl-9-(2-hydroxyetoxy)-
2H-naphto[1,2-b]pyran;

(TC-57) 3,3-di(4-metoxyphenyl)-6,11-dimetyl-13-hydroxy-13-(2-hydroxyetyl)-3H,
13H-indeno[2,1-f]naphto[1,2-b]pyran;
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(TC-58) 3,3-di(4-metoxyphenyl)-6,11,13-trimetyl-13-(5-hydroxypentoxy)-3H,
13H-indeno[2,1-f]lnaphto[1,2-b]pyran;

(TC-59) 3,3-di(4-metoxyphenyl)-11-(2-hydroxyetoxy)-13,13-dimetyl-3H, 13H-
indeno[2,1-f]naphto[1,2-b]pyran;

(TC-60) 3,3-di(4-metoxyphenyl)-6,11-dimetyl-13-hydroxy-13-(3-hydroxypropyl)-
3H, 13H-indeno[2,1-flnaphto[1,2-b]pyran;

(TC-61)  3,3-di(4-metoxyphenyl)-6,11-dimetyl-13-(2-hydroxyetoxy)-3H, 13H-
indeno[2,1-f]naphto[1,2-b]pyran;

(TC-62) 3-phenyl-3-(4-metoxyphenyl)-6,11-dimetoxy-13-metyl-13-(2-(2-
hydroxyeth- oxy)etoxy)-3H, 13H-indeno[2,1-flnaphto[1,2-b]pyran;

(TC-63) 3,3-di(4-metoxyphenyl)-6,11-dimetyl-13-hydroxy-13-hydroxymetyl)-3H,
13H-indeno(2,1-flnaphto[1,2-b]pyran;

(TC-64) 3,3-di(4-metoxyphenyl)-6,11-dimetoxy-13-(2-(2-hydroxyetoxy)etoxy)-3H,
13H-indeno[2,1-f|naphto[1,2-b]pyran;

(TC-65) 3,3-di(4-metoxyphenyl)-6,11-dimetoxy-13-metyl-13-(2-(2-
hydroxyetoxy)etoxy)-3H, 13H-indeno[2,1-f]naphto[2-b]pyran;
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(TC-66) 2,2-diphenyl-5-(2,3-dihydroxy)propoxycacbonyl-8-metyl-2H-naphto[1,2-
b]pyran;

(TC-67) 3,3-di(4-metoxyphenyl)-6,11-dimetoxy-13-hydyoxy- 13-(4-hydroxybutyl)-
3H, 13H-indeno[2,1-f]naphto[1,2-b]pyran;

(TC-68) 5,5-di(4-(2-(2-hydroxyetoxy)etoxy)etoxy)phenyl)-8-(3-
clopropoxy)cacbonyl-5H-floantheno[3,2-b]pyran;

(TC-69) 3,3-di(4-metoxyphenyl)-6,11-dimetoxy-13-butyl-13-(2-(2-
hydroxyetoxy)etoxy)-3H, 13H-indeno[2,1-flnaphto[1,2-b]pyran;

(TC-70) 3,3-di(4-metoxyphenyl)-6,11-dimetoxy-13-hydroxy-13-(3-
hydroxypropyl)-3H , 13H-indeno[2,1-f]naphto[1,2-b]pyran;

(TC-71)  3-phenyl-3-(4-morpholinophenyl)-13-metyl-13-(2,3-dihydroxypropoxy)-
3H, 13H-indeno([2,1-flnaphto[1,2-b]pyran;

(TC-72) 3,3-di(4-metoxyphenyl)-6,11,13-trimetyl-13-(2,3-dihydroxypropoxy)-3H,
13H-indeno[2,1-flnaphto[1,2-b]pyran;

(TC-73) 3,3-di(4-metoxyphenyl)-6,11-dimetoxy-13-metyl-13-(2,3-
dihydroxypropoxy)-3H, 13H-indeno[2,1-f]naphto[2-b]pyran;

(TC-74) 3,3-di(4-metoxyphenyl)-6,11,13-trimetyl-13-(2-hydroxyetoxy)-3H, 13H-
indeno[2,1-f]naphto[1,2-b]pyran;
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(TC-75) 2-(4-(2-(2-hydroxyetoxy)etoxy)etoxy)phenyl-2-phenyl-5-metoxycacbonyl-
6-metyl-9-metoxy-2H-naphto[1,2-b]pyran;

(TC-76) 3,3-di(4-metoxyphenyl)-6,11,13-trimetyl-13-(2-(2,2-bis[2-hydroxyetoxy)-
metyl]-3-hydroxypropyloxy)etoxy)-3H 13H-indeno[2,1-f]naphto[2-b]pyran;

(TC-77) 3,3-di(4-metoxyphenyl)-6,11,13-trimetyl-13-(2-(2-(2-(2-(2-(2-hydro-
xyetoxy)etoxy)etoxy)etoxy)etoxy)etoxy)-3H, 13H-indeno[2,1-f]naphto[1,2-
b]pyran;

(TC-78) 2,2-diphenyl-5-(2-(2-hydroxyetoxy)etoxyoarbonyl)-8-metyl-2H-naphto[1,-
2-b]pyran;

(TC-79) 3,3-di(4-metoxyphenyl)-6,11,13-trimetyl-13-(2-(2-(2-(2hydroxyetoxy)eth-
oxy)etoxy)etoxy)-3H, 13H-indeno[2,1-f]naphto[1,2-b]pyran;

(TC-80)  3,3-di(4-metoxyphenyl)-6,11,13-trimetyl-13-(2-(2-hydroxyetoxy)etoxy)-
3H, 13H-indeno[2,1-f]naphto[1,2-b]pyran;

(TC-81) 2,2-di(4-metoxyphenyl)-5-(2-(2-(2-hydroxyetoxy)etoxy)etoxycacbonyl)-6-
phenyl-2H-naphto[1,2-b]pyran;

(TC-82) 2,2-di(4-metoxyphenyl)-5-metoxycacbonyl-6-(2-hydroxyetoxy)etoxy-2H-
naphto[1,2-b]pyran;
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(TC-83) 2,2di(4-metoxyphenyl)-5-(2-(2-(2-(2-hydroxyetoxy)etoxy)etoxy)etoxyca-
rbonyl)-6-phenyl-2H-naphto[2-b]pyran;

(TC-84)  2,2-di(4-metoxyphenyl)-5-hydroxy-6-(2-hydroxyphenyl)-2H-naphto[2-

b]pyran; va cac t0 hop cia hai hoéc nhiéu cua chung.

Céac vat dung d6i mau theo 4nh sing theo sdng ché c6 thé bao gdm,
Véi mot sé phuong an, 16p xép thing hang ma duge dat vao gitra 16p 16t va
16p ludng séc d6i mau theo anh sang. Véi su tham chiéu dén FIG.1, vat dung
d6i mau theo 4nh sang 2 bao gdm 16p xép thing hang 50 ma dugc dit vao
gitta 16p 16t 14 va 16p ludng sic ddi mau theo 4nh sang 17. Lop xép thing
hang ciing c6 thé dugc d& cdp dén & ban md t& nay nhu 1a dung cu dinh
huéng. Hop chit ludng sic d6i mau theo 4nh séng cta 16p ludng sic dbi mau
theo 4nh sang c6 thé duogc sip xép thing hang it nhét theo phin bing cach

tuong tac voi 16p xép thing hang & dudi day.

Nhu duogc st dung trong ban md ta nay, thuét ngit “lop xép thing
hang” c6 nghia 1a 16p ma cé thé tao diéu kién thuéan lgi dé dinh vi mot hoic
nhidu két cdu khac ma dwoc tiép xuc, truc tiép va/hodc gian tiép, v6i it nhit
mot phan cia ching. Nhu dugc st dung trong ban mé ta nay, thuat ngit “sap
xép” c6 nghia 1a dua dén vi tri hodc su sdp xép thich hop, nhu sip xép thing
hang va&i két ciu hoic vat liéu khéc, hoidc b?mg mdt sd luc hodc hidu qua khac.
Do d6, nhu dugc st dung trong ban mo ta nay, thuét ngl “sip xép” gbdm ca
cac phwong phap tiép xtc d8 sép xép vat liéu, nhu bang cach sép xép thing
hang véi két cAu hoidc vat liéu khéc, va cac phwong phap khong tiép xtc dé
sép xép vét liéu, nhu béng cach tiép xuc voi ngoai luc hodc hiéu qua. Thuat
ngit “sip xép” cling gdm cac t6 hgp cua cac phuong phip tiép xuc va khong
tiép xuc.

Vi dy, hop chét ludng sic ddi mau theo 4nh sang ma duogc sdp xép

thing hang it nhét theo phan bang sy tuong tac véi 16p x&p thing hang c6 thé

-155-



27509

dugc sip xép thang hang it nhét theo phén sao cho truc dai cua hop chét ludng
sic @i mau theo 4nh sang & trang thai dugc kich hoat vé co ban 14 song song
vé6i it nhat huéng chung thir nhét cia 16p xép thing hang. Véi mot s6 phuong
an, hop chit ludng sic ddi mau theo anh sang ma dugc sép xép thing hang it
nhét theo phin bang su twong tac véi 16p xép thang hang dugc quy dinh gidi
han cho hodc phan tng véi 16p xép thang hang. Nhu dugc s dung trong ban
md ta ndy v6i sy tham chiéu dén sy sép xép hoic sy sép xé&p thing hang cla
vat liéu hodc két cdu, thuat ngit “huéng chung” dung dé chi su sép dat hoac
dinh huéng ndi bat cta vat liéu, hop chét hoic két cAu. Ngoai ra, s& dugc danh
gia cao boi ngudi c6 trinh do trung binh trong linh vuc k¥ thuét nay rang vat
liéu, hop chét hoic két clu c6 thé c6 hudng chung mic du c6 mot s6 thay ddi
trong su sép dat caa vat liéu, hop chét hoac két cu, voi diéu kién 12 vt lidu,

hop chét hodc két cdu co it nhat mot sy sép dat ndi bat.

Lép xép thing hang c6 thé, véi mot s6 phuwong 4n, c6 it nhét huéng
chung thir nhit. Vi du, 16p xép thing hang c6 thé bao gdm ving dugc sip xép
tht nhét c6 huéng chung thi nhit va it nhat mot ving dugc sép xép thtr hai
lidn k& vung dugc sip xép th nhit c6 huéng chung the hai ma khic voi
huéng chung thir nhat. Ngoai ra, 16p xép thing hang c6 thé c6 nhidu ving,
mdi viing ¢6 huéng chung ma gibng hodc khéac véi cac vang con lai nhu vay
d2 tao ra mAu hinh hoic kidu dang mong muén. Lép xép thing hang c6 thé
bao gdm, vi du, 16p phu bao gdm méi trudng sép xép thang hang duoc sap xép
it nhét theo phin, tAim polyme dugc sip xép it nhit theo phan, bé mit duge xu

1y it nhét theo phan, cic mang Langmuir-Blodgett, va td hop cua ching.

Lép xép thing hang c6 thé bao gdm, v6i médt sé phuong 4n, 16p phu
ma bao gdbm moi trudng sip xép thing hang dugce sép xép it nhit theo phén.
Céc vi du vé& phuong tién sip xép thing hang thich hgp ma co6 thé duoc ding
két hop véi 16p xép thing hang bao gdm, nhung khong gi6i han &, cac vat liéu
dinh huéng quang hoc, cac vt liéu dinh hudng co xat, va cac vat liéu tinh thé
16ng. Cac phuong phép sip xép it nhé4t mot phan ctia méi trudng sép xép thing

hang dugc mo ta chi tiét hon & duéi day.
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MBbi trudng sip xép thing hang cua 16p xép thang hang c6 thé 1a vat
lidu tinh thé long, va 16p xép thang hang cé thé duge néi dén nhu 16p xép
thang hang tinh thé 1éng. Cac vat lidu tinh thé 16ng, boi vi két cdu cta chung,
thong thudng c6 kha ning dugc sip xép hodc sip xép thing hang nhu vay dé
c6 dugc hudng chung. Pic biét hon, boi vi cdc phén tir tinh thé 1ong c6 céc
két chu dang que hodc dang dia, truc dai ran, va ludng cuc manh, cac phén tu
tinh thé 16ng c6 thé duoc sip xép hoic sip xép thdng hang bing sy tuwong tac
v6i ngoai luc hodc két chu khac sao cho truc dai ciia cac phan tir ¢6 duge dinh
huéng ma nhin chung 14 song song v6i truc chung. Vi du, ¢ thé sép xép thing
hang cac phén tir cia vat li¢u tinh thé long béng tr truong, dién trudong, bic
xa hdng ngoai dugc phan cuc tuyén tinh, bic xa cuc tim duge phéin cuc tuyén
tinh, brc xa nhin théy duoc dugce phén cuc tuyén tinh, hodc luc cit. Cling c6
thé sip xép thing hiang cic phan tu tinh thé 1ong bing bé mit dugc dinh
hudng. Vi duy, cac phén tir tinh thé 1ong c6 thé dugc phu 1én bé mit ma da
duoc dinh hudéng, vi du b.%mg cach cac phuong phap co xat, tao rdnh, hodc sép
xép thing hang anh, va tiép theo 1a sép xép thing hang sao cho truc dai cta
mdi phan tir trong s6 cac phan ti tinh thé 1ong c6 dugc sy dinh huéng ma nhin
chung 1a song song v6i hudng chung clia sy dinh huéng b& mit. Céc vi du vé
cac vat liéu tinh thé long thich hgp d dung lam phuong tién sép xép thing
hang bao gdm, nhung khong giéi han &, cdc polyme tinh thé 16ng, cac tién
polyme tinh thé long, cdc monome tinh thé long, va cic mesogen tinh thé
léng. Nhu dugc st dung trong ban md ta nay, thudt ngi “tién polyme” c6

nghia 1a cac vét liéu dugc polyme hoéa theo phén.

Céc loai monome tinh thé 1éng ma thich hop dé dung trong su tiép
hop v6i 16p xép thing hang bao gdm, nhung khong gidi han ¢, cAc monome
tinh thé 1ong don chiic hogic da chitc. Cdc monome tinh thé 1ong c6 thé, véi
mot sb phwong 4n, dugc chon tir cac monome tinh thé 1ong c6 thé lién két
chéo, nhu cic monome tinh thé 1ong ¢ thé lién két chéo anh. Nhu dugc st
dung trong ban mo ta nay, thuét nglt “co thé lién két chéo anh” c6 nghia 1a vat
liéu, nhu monome, tién polyme hoédc polyme, ma cé thé duoc lién két chéo vai

su tiép xuc véi birc xa quang hoa. Vi du, cdc monome tinh the 16ng c6 the lién
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ket chéo anh bao gém, nhung khong gi¢i han &, cAc monome tinh thé 1ong ma
co thé lién két chéo vai su ti€p xuc vai birc xa cuc tim va/hodc blrc xa nhin

thdy dugc, c6 hodic khong st dung céc chit khoi mao polyme hoéa.

Céac vi du vé cic monome tinh thé 16ng c6 thé lién két chéo, ma c6
thé dugc bao gém trong 16p xép thang hang, bao gdm, nhung khong gidi han
&, cdc monome tinh thé long c6 cdc nhém chirc duge chon tir cdc acrylat,
metacrylat, allyl, allyl ete, alkyn, amino, anhydrit, epoxit, hydroxit, cac
isoxyanat, cdc isoxyanat phong bé, siloxan, thioxyanat, thiol, urea, vinyl,
vinyl ete va cac hdn hop pha tron ctia chiing. Cac vi du vé cdc monome tinh
thé 16ng c6 thé lién két chéo anh, ma c6 thé dugc bao gdm trong 16p xép thing
hang, bao gdém, nhung khong gi6i han &, cdc monome tinh thé long c6 céac
nhom chtc duge chon tir cac acrylat, metacrylat, alkyn, epoxit, thiol, va cac

hdn hop pha tron ciia chiing.

Cac polyme tinh thé long va cac tién polyme, ma cé thé dugc bao
gdm trong 16p xép thing hang, bao gdm, nhung khong gii han &, cac polyme
tinh thé 16ng chudi chinh va céc tién polyme va cac polyme tinh thé ldng
chudi phu va céc tién polyme. V&i cac polyme tinh thé 16ng chudi chinh va
cac tién polyme, cic mesogen tinh thé 16ng dang dia hodc dang que chu yéu
dugc dit ndm trong truc chinh polyme. Vi cac polyme tinh thé 1ong chudi
phu va céc tién polyme, cdc mesogen tinh thé léng dang dia hodc dang que
cht yéu dugc dit ndm trong cac chudi phu ciia polyme. Ngoai ra, polyme tinh
thé 1ong hodc tién polyme c6 thé lién két chéo, va con c6 thé 1a c6 thé lién két

chéo anh.

Céac vi du vé cic polyme tinh thé 1dng va céc tién polyme, ma c6 thé
dugc bao gdm trong 16p xép thing hang, bao gém, nhung khong gisi han &,
cac polyme chudi chinh va chudi phu va cac tién polyme c6 cic nhém chirc
duoc chon tlr cac acrylat, metacrylat, allyl, allyl ete, alkyn, amino, anhydrit,
epoxit, hydroxit, isoxyanat, isoxyanat phong bé, siloxan, thioxyanat, thiol,
urea, vinyl, vinyl ete, va cadc hdn hop pha tron cta ching. Cac vi du vé céc

polyme tinh thé 1éng va cic tién polyme c6 thé lién két chéo anh, ma cé thé
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dugc bao gdm trong 16p xép thing hang, bao gdm, nhung khong gidi han 6,
céc polyme va céc tién polyme c6 cac nhém chic duge chon tir cac acrylat,

metacrylat, alkyn, epoxit, thiol, va cac hdn hop pha tron cta ching.

Cac mesogen tinh thé 16ng, ma c6 thé dugc bao gdm trong 16p xép
thing hang, bao gdm, nhung khong giéi han &, cdc mesogen tinh thé 16ng c6
tinh hudng nhiét va cdc mesogen tinh thé 16ng d& tan. Cac loai bd sung cua
céc mesogen tinh thé 16ng, ma c6 thé dwgc bao gdm trong 16p xép thing hang,
bao gém, nhung khong gi6i han &, cac mesogen tinh thé 16ng hinh cot (hodc
dang twong ty que) va cac mesogen tinh thé long hinh dia (hodc dang tuong tu
dia).

Céc vi du vé& céac vat lidu dinh huéng quang hoc, ma cé thé dugce bao
gdm trong 16p xép thing hang, bao gdém, nhung khong giéi han &, cac mang
ludi polyme dinh huéng quang hoc. Céc vi du cu thé hon vé c4c mang ludi
polyme dinh huéng quang hoc bao gdm, nhung khong giéi han &, cac din xuét
azobenzen, cic din xuit axit xinnamic, cac din xuét coumarin, cac dan xuét
axit ferulic, va céc polymit. V&i mot sé phuong an, 16p xép thdng hang c6 thé
bao gdm mang luéi polyme dinh huéng quang hoc duge sip xép it nhit theo
phén dugc chon tir cac din xudt azobenzen, cac din xuit axit Xinnamic, céc
din xuét coumarin, cdc din xuét axit ferulic, va/hodc cac polymit. Cac vi du
vé cac din xuét axit xinnamic, ma c6 thé duogc bao gdm trong 16p xép thing
hang, bao gdm, nhung khong gi6i han ¢, polyvinyl xinnamat va polyvinyl este

cla axit parametoxyxinnamic.

Nhu dugc st dung trong ban mo ta nay, thudt ngir “vat liéu dinh
huéng co x4at” c6 nghia 1a vat liéu ma cé thé dugc sdp xép it nhét theo phin
béng cach co xat it nhat mot phén ctia bé mit cua vat liéu vai vat lidu c6 két
ciu thich hop khéac. Vi duy, vét liéu dinh hudng co x4t ¢ thé 1a co xat véi quén
40 c6 két clu thich hop hoic chdi nhung. Cac vi du vé cac vat liéu dinh hudng
co x4t, ma c6 thé dugc bao gdm trong 16p xép thing hang, bao gdm, nhung
khong giéi han &, (poly)imit, (poly)siloxan, (poly)acrylat, va (poly)coumarin.

Véi mot s& phuong an, 16p xép thdng hang c6 thé bao gdm polymit, va 16p
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x€p thiang hang c6 the 1a co x4t v6i quan 4o nhung hodc bong néu trén dé sdp

xép it nhit theo phn it nhit mot phin cua bé mit cua 16p xép thing hang.

Véi moét s6 phwong 4n, 16p xép thing hang cé thé bao gdm tidm
polyme dugc sép xép it nhit theo phin. Vi dy, tAm c6 rugu polyvinyl cé thé
dugc sép xép it nhit mot phan bang tAm kéo gidn (ching han, kéo gidn don
truc) tdm, va sau dé tdm dugc kéo gidn cé thé duoc lién két vé6i it nhét mot
phan bé mit cia chit nén quang hoc dé tao ra dung cu dinh hudéng. Theo cach
khac, tim polyme dugc sép xép c6 thé dugc thyc hién bing phuong phép ma
sap xép it nhét theo phin céac chudi polyme trong sudt qua trinh didu ché, vi
du, bing cach ép dun. Ngoai ra, tAm polyme dugc sip xép it nhét theo phén c6
thé dugc tao ra béng cach dtc hodc néu khong thi tao ra tAm c6 vat lidu tinh
thé 16ng va tiép theo sép xép it nhit theo phan tAm nay, vi du, nhung tiép xic
tdm véi tir trudng, dién trudong, va/hodc luc cit. Hon nita, tAm polyme dugc
sip xép it nhét theo phin c6 thé dwoc thuc hién st dung céc phuong phap dinh
huéng quang hoc. Vi du, tdm c6 vat liéu dinh huéng quang hoc c6 thé dugc
tao ra, vi du bﬁng cach duc, va tiép theo dugc sép xép it nhit mot phén béng

cach ti€p xuc véi birc xa cuc tim dugce phén cyc tuyén tinh.

Lép xép thing hang cia cic vat dung d6i mau theo anh sang theo
sang ché c6 thé bao gdbm bé mit dugc xur ly it nhit theo phan. Nhu dugc st
dung trong ban mo ta nay, thuat ngit “bé mit duge xir y” dung dé chi it nhét
mot phén ciia bé mit duge thay dbi v& vat chit dé tao ra it nhAt mot vung dugc
sép xép trén it nhit mot phén ctia bé mat. Cac vi du vé cac bé mit dugc xur ly
bao gém, nhung khéng gi6i han ¢, cac bé mit dugc co xat, cac bé mat duoc
khic #n mon, va cac bé mit dugc dap ndi. Ngoai ra, cac bé mit duge xir ly cé
thé dugc tao mau, vi du bang cach sir dung trong quy trinh quang khic hodc
giao thao. V&i mot sé phuong 4n, bé mit cua 16p xép thing hang c6 thé 1a bé
mit dugc xtr 1y duoc chon tir, vi du, cac bé mit duge khic #n mon héa hoc,
cac bé mit dugc khic dn mon plasma, céac bé mat dugc khic an mon nano

(nhu céc bé mit khdc &n mon bang cach s dung kinh hién vi xuyén ham quét
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hogc kinh hi€n vi nguyén tir), cac bé mat dugc khac dn mon laze, va/hodc cac

bé mét dugc khac dn mon tia dién tur.

Theo mot sb phuong 4n, khi 16p xép thing hang bao gdm bé mit
dugc xu ly, bé mit duoge xir 1y ¢6 thé dugc tao ra b.'?lng cach tao két tia mudi
kim loai (nhu oxit kim loai hodc florua kim loai) 1én trén it nh4t mot phin cua
bé mit (ching han, bé mit cua chinh 16p xép thdng hang, hodc bé mat cua 16p
16t), va tiép theo khéc an mon chit két tia dé tao ra bé mit duge xir ly. Céc
phuong phap d4 dugc cong nhan trong linh vuc k¥ thuat nay dé két taa mudi
kim loai bao gdm, nhung khéng gisi han &, két tta bay hoi plasma, két tua
bay hoi héa hoc, va phun xa. Qua trinh khic an mon c6 thé dugc thuc hién
theo cac phuong phép da dugc cong nhén trong linh vuc k¥ thuat nay, nhu cac

phuong phap dugc mo ta trude & day.

Nhu duoc st dung trong ban md td nay, thudt nglt “cdc mang
Langmuir-Blodgett” ¢6 nghia 12 mét hoic nhidu mang phan tir duge sip xép it
nhét theo phan trén bé mit. Cac mang Langmuir-Blodgett ¢6 thé duoc tao ra,
vi du, béng cach nhum chét nén vao trong chét long mdt hodc nhiéu 14n sao
cho né it nhat dugc phu theo phin bdi mang phén tir va sau d6 loai bd chét
nén tlr chit 1éng sao cho, do sirc cing bé mit twong quan cia chét long va chét
nén, cac phén tir ctia mang phan tir dugc sip xép it nhit theo phin trong gin
nhu 1a mét (hodc riéng) hudng chung. Nhu dugc sir dung trong ban mé ta nay,
thuat ngit mang phan tir dung dé chi cic mang phan tir don (vi du, cac 16p

don) ciing nhu cac mang bao gdm nhiéu hon mot 16p don.

Céac vat dung ddi mau theo 4nh sang theo sang ché c6 thé, voi mot sb
phuong 4n, con bao gdm vat liéu chuyén sip xép thing hang duoc dit vao
gitra 16p xép thing hang va 16p ludng sic db6i mau theo 4nh sang. Vit liéu
chuyén sip xép thang hang c6 thé duoc sip xép thing hang bing su tuong tac
v6i 16p xép thing hang, va do d6 hop chit ludng sic d6i mau theo 4nh sang cé
thé dugc sip xép thing hang bing cach twong tac véi vat liéu chuyén sip xép
thdng hang. Vat liéu chuyén sip xép thing hang c6 thé, véi mot s phuong an,

tao diu kién thuén lgi cho su lan truyen hodc chuyén vi tri hodc su sap x&p
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thich hop tir 16p xép thang hang dén hop chit ludng sic d6i mau theo anh

sang ca 16p ludng sic ddi mau theo 4nh sang.

Céc vi du vé céc vat liéu chuyén sép xép thang hang bao gdm, nhung
khong gidi han o, cac vat li¢u tinh thé long dugc mo ta & trén trong sy lién hé
v6i phuong tién sdp xép thing hang duogc boc 19 trong ban md ta nay. Co thé
sip xép thang hang cac phan tr cia vat ligu tinh thé long v6i bé mit duge
dinh huéng. Vi du, vat liéu tinh thé long c6 thé dugc phu 1én bé mit ma da
duge dinh huéng va tiép theo 1a sip xép thing hang sao cho truc dai cta cac
phan tir tinh thé 1éng 1am theo sy dinh huéng ma nhin chung la song song véi
hudng chung gibng v&i sy dinh huéng cua bé mat. Vat lidu tinh thé long cua
vét liéu chuyén sip xép thing hang c6 thé duge sip xép it nhit theo phén bing
cach sip xép thang hang véi 16p xép thing hang, sao cho truc dai cta cac phan
tir cia vat liéu tinh thé long thong thudng cé song song voi, vi du, huéng
chung th& nhét ctia dung cu dinh huéng. Theo cach nay, huéng chung cia lép
xép thing hang c6 thé dugc chuyén dén vat liéu tinh thé long, ma cé thé
chuyén huéng chung dén két cdu hoic vat liéu khac. Ngoai ra, néu 16p xép
théng hang bao gdm nhidu viing c6 cac huéng chung ma cing nhau tao ra kiéu
dang hodc miu hinh, ma kiéu dang hoic miu hinh c6 thé dugc chuyén dén vt
lidu tinh thé long bing cach sip xép thing hang vat liéu tinh thé long véi
nhidu viing khac nhau cia 16p xép thang hang. Ngoai ra, mic du khong duge
yéu céu, theo cac phuong an khong giéi han khac nhau dugc boc 19 trong ban
mo t& nay, it nhat mot phén ctia vat liéu tinh thé long cua vat ligu chuyén sép
xép thdng hang c6 thé dugc tiép xtic véi it nhét mot trong s, tir trudng, dién
truong, buc xa héng ngoai dugc phén cuc tuyén tinh, blirc xa cuc tim dugce
phan cuc tuyén tinh, va birc xa nhin thdy duoc duge phan cuc tuyén tinh trong
khi duoc sip xép thing hang it nhét theo phén véi it nhit mot phan cua 16p

xép thing hang.

Cac vat dung ddi mau theo anh sang theo sang ché c6 thé, voi mot sd
phwong 4n, bao gdm 16p phu cirng ma ndm trén 16p phil trén cing. Véi sy

tham chiéu dén FIG. 1, vat dung d6i mau theo 4nh séng 2 bao gdm 16p phu
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cimg 53 ma nam trén 16p phu trén cing 20. Lép phil cing ¢6 thé bao gdm 16p

don hodc cac 16p phtrc.

L&p phu ciing c6 thé 1a duge chon tir cic 16p pht chdng mai mon bao
gdm organo silan, cac 16p phii chéng mai mon bao gdm cic mang moéng gbe
acrylat duoc hoa rdn bang buc xa, cic 16p phi chdng mai mon dya trén céac
vat liéu v6 co nhu silica, titania va/hodc zirconia, cac 16p phi chéng mai mon
hitu co cta loai c6 thé héa rén nho anh sang cuc tim, 16p phi ngin oxy, 16p
pht chin UV, va t6 hop cia chiing. Vi mot s§ phwong an, 16p phu cimg c6
thé bao gdm 16p phu thi nhit ciia mang moéng gbc acrylat duge héa rin bing
blrc xa va 16p phu thit hai bao gdm organo-silan. Cac vi du khong gi6i han vé
cic san phidm phu cing duoc ban trén thi truong bao gdm céac 16p pha
SILVUE® 124 va HI-GARD®, lan luot ¢6 sin tir SDC Coatings, Inc. va PPG

Industries, Inc.

Lép phu cing c6 thé 13 duge chon tir cac vat liéu pha cung duge
cong nhan trong linh vuc k§ thuat nay, nhu cic 16p phi chdng mai mon
organo-silan. Céc 16p phti chdng mai mon organo-silan, thuong duoc dé& cép
dén nhu céc 16p phu cing hodc cac 16p phu cing gbce silic, da duogc biét dén
rong rii trong linh vuc k¥ thuat nay, va dugc ban sin trén thi trudng tir cac
nha didu ché khic nhau, nhu SDC Coatings, Inc. va PPG Industries, Inc.
Tham chiéu dugc thuc hién dén Bing sang ché Hoa Ky s6 4,756,973 & cét 5,
cic dong 1-45; va dén Bang sang ché Hoa Ky s6 5,462,806 & cot 1, dong 58
dén cot 2, dong 8, va cot 3, dong 52 dén cot 5, dong 50, ma phén md ta bdc 10
16p phu cirng organo-silan va duoc két hop & diy bang cach tham chiéu. Tham
chiéu ciing dugc thuc hién dén cac Bing sang ché Hoa Ky sb 4,731,264,
5,134,191, 5,231,156 va Cong bd don sang ché qubc t&€ WO 94/20581 dé boc
16 cac 16p phu cung organo-silan, trong d6 phin mé ta dwgc két hop & day
bing cach tham chiéu. L6p phu ctng c6 thé duge phu bing cac phwong phap

pht nhu duge mo ta & trén ding dé chi 16p 16t, nhu phu xoay.

Céc 16p phu khac ma c6 thé dugc ding dé tao ra 16p phu cung, bao

gdm, nhung khéng gidi han &, cc 16p phu cing acrylic da chirc, cac 16p phu
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ctng gdc melamin, cac 16p phu ciing gde uretan, céc 16p phu trén co s& alkyd,
cac 16p phu cing gdc silica sol hodc cac 16p phu cung hiru co hodc cac 16p

pht cing lai v6 co/hitu co khéc.

Lép pha cing, v6i mdt sd phuong 4n, duge chon tir cac 16p phu cing
loai organo-silan. Cac 16p pht cing loai organo-silan ma & d6 16p phu cing
cua cac vat dung db61 mau theo anh sang theo sang ché ¢6 thé dugc chon bao
g?)m, nhung khong giéi han &, cac phén bdc 16 & cot 24, dong 46 dén cot 28,
dong 11 cua Béng sang ché Hoa Ky sé 7,465,414 B2, ma phin bdc 16 dugce két
hop & day bing cach tham chiéu.

Céac vat dung d6i mau theo 4nh séng theo séng ché c6 thé bao gdm
céc 16p phu bd sung, nhu céc 16p pha chéng phan chiéu. Vi mot sé phuong
4n, 16p phu chéng phan chiéu c6 thé 1a dugc phii & trén 16p ph cing. Cac vi
du v& céc 16p phui chdng phan chiéu dugc mb ta trong Bing sang ché Hoa Ky
s6 6,175,450 va Cong bd don sang ché qubc t& WO 00/33111, cac phdn mb ta

duogc két; hop & day bing cach tham chiéu.

Theo cac phwong 4n khéc cta sang ché, céc vat dung d6i mau theo
anh sang theo sang ché ¢6 thé 1a dugc chon tir cac thanh phén hodc véat dung
dung cho mét, cac vat dung hoic céc chi tiét hién thi, cira s6, guong, bao gobi
vat liéu nhu boc co, va cac vat dung hodc thanh phin té bao tinh thé 16ng hoat

dong va khong hoat dong.

Céac vi du v& céc thanh phan hodc vat dung dung cho mét bao gdm,
nhung khong gi6i han &, kinh diéu chinh khuc xa va kinh khong diéu chinh
khuc xa, bao gdm kinh don trong hodc kinh da trong, ma c6 thé kinh da trong
phian doan ho#c khong phén doan (nhu, nhung khong gi6i han &, kinh hai
trong, kinh ba trong va kinh da tiéu cu), cling nhu cac chi tiét khac duogc dung
dé diéu chinh khuc xa, bao vé, hoic ning cao (thém m¥ hodc muc dich khéac)
tdm nhin, bao gdbm ma khong gidi han, kinh 4p trong, kinh trong mit, kinh

khuéch dai, va kinh bao vé hoic tAm kinh che.
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Céac vi du vé cac thiét bi, thanh phan va vat dung hién thi bao gdm,
nhung khéng gi6i han &, man chiéu, man hinh, va thiét bi an ninh, bao gdm

ma khong giéi han, ky hi€u an ninh va dau hi¢u xac nhén.

Céac vi du vé cira sd bao gdm, nhung khong gidi han &, kinh trong
subt dung cho & t6 va may bay, kinh loc, ctra chdp, va bd ngit mach quang

hoc.

V&i mot sd phuong an, vat dung ddi mau theo anh sang c6 thé 1a thiét
bi an ninh. Céc vi du vé thiét bi an ninh bao gdm, nhung khong giéi han &, ky
hiéu an ninh va d4u hiéu x4c nhan ma dugc lién két vai it nhit mot phé‘m cla
chét nén, nhu: thé truy cép va di qua, chéng han, vé, huy hi€u, thé dinh danh
hodc thé thanh vién, thé ghi no, v.v..; dung cu cé thé luu thong va dung cu
khong thé luu thong ching han, du thao, ngan phiéu, lién két, luu y, chimg
nhan két tia, chimg nhan cb phiéu, v.v..; cac tai lidu cua chinh phu, ching
han, tién té, ban quyén, thé dinh danh, thé phuc loi, thi thuc, ho chiéu, ching
nhdn chinh thtre, ching thu v.v..; cdc mdt hang tiéu dung, chéng han,
software, dia compac (“CDs”), dia video s (“DVDs”), céc thiét bi dung cu,
dd dién ttr dan dung, cac mit hang thé thao, 6 t6, v.v..; thé tin dung; va thé

hang héa, nhan hang va bao goi.

Véi cac phuong an khac, ky hiéu an ninh c6 thé duoc lién két voi it
nh4t mét phan ciia chit nén duoc chon tir chit nén trong subt va chit nén phan
chiéu. Theo cach khac, theo cac phuong 4n khac trong d6 chét nén phan chiéu
dugc ddi hoi, néu chit nén 1a khong phan xa hodc khong phan xa du dbi véi
qué trinh pht mong mudn, vat lidu phan xa cé thé duoc phu dAu tién 1én it
nh4t mét phan cta chét nén trudce khi dau hiéu an ninh dwge phu 1én d6. Vi du,
16p pht nhém phéan chiéu c¢6 thé dugc phu 1én it nhit mot phn ciia chit nén
trude khi tao ra ky hi€u an ninh 1én d6. Ngoai ra hodc theo cach khac, ky hi¢u
an ninh c6 thé dugc lién két véi it nhit mot phén cta chét nén duoc chon tir
chét nén khong dugc nhudm mau, chit nén dugc nhuém mau, chit nén ddi

mau theo anh sang, chat nén doi mau theo anh sang dugc nhudm mau, chat
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nen phén cyc tuyén tinh, chat nén phan cuc tuan hoan, va chit nén phén cuc

elip.

Ngoai ra, thiét bi an ninh theo cac phwong éan dugc d€ cap dén & trén
c6 thé con bao gdm mot hodc nhidu 16p pha hodc cadc mang hodc cac tAm dé
tao ra ky hi€u an ninh phan chiéu da 16p v6i cac déc tinh phu thudc goc nhin,

nhu md ta trong Bang sang ché Hoa Ky sb 6,641,874.

Séng ché dugc mo ta cu thd hon trong cac vi du sau ddy, ma dugc du dinh
chi @& minh hoa, do nhiéu thay ddi va cai bién & dy s& tré nén rd rang d6i véi
nguoi cé trinh d¢ trung binh trong linh vuc k¥ thuat nay. Trir khi cé quy dinh

khéc di, tAt ca cac phan va tit ca tbc do phin trim déu tinh theo trong lugng.
Vi du thwe hién sang ché

Phin 1 mo ta viéc diéu ché cua dang phdi ché 16p 16t (primer layer
formulation - PLF). Phin 2 md ta viéc diéu ché cua dang phdi ché sip xép
thang hang tinh thé 1ong (liquid crystal alignment formulation - LCAF). Phin
3 mo ta viéc diéu ché dang phdi ché 16p phu (coating layer formulation -
CLF). Phan 4 md ta viéc didu ché dang phdi ché 16p phu trén cing (topcoat
layer formulation - TLF). Phdn 5 mo ta viéc diéu ché cua dang phdi ché 16p
pht cing (hard coat formulation - HCF). Phin 6 md ta quy trinh ding dé diéu
ché chét nén va chdng cua cac 16p phu dugc liét ké trong Bang 1. Phin 7 mo
td cac thr nghiém tién hanh dbi mau theo anh sang bao gém tdc do hép thu va
do dap ting quang hoc dugc béo céo trong Bang 1 d6i véi cac Vi du so sanh

(Comparative Example - CE) tir 1 dén 6 va cac Vi du tir 1 dén 4.
Phan 1 — Diu ché PLF

Céc vt liéu sau ddy dugc bd sung vio trong thiing chira thich hop
dugc lp dit thanh khudy tir v6i lugng chi ra nhu sau:

Polyacrylat polyol (14,69 g) (Ché phdm D cta Vi du 1 trong Bing
sang ché Hoa Ky s 6,187,444, ma phan bdc 16 polyol dugc két hop & day
bang cach tham chiéu, trir khi trong Lan nap 2, styren dugc thay thé bang
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metyl metacrylat va 0,5 % theo trong luong, duwa trén tdng trong lugng
monome, cua triphenyl phosphite dugc bd sung);

Polyalkylencacbonat diol (36,70 g) POLYMEG® 1000 tir Great Lakes
Chemical Corp;

DESMODUR® PL 340 (48,23 g) tir Bayer Material Science;
TRIXENE® BI 7960 (34,39 g) tir Baxenden;

Polydimetylsiloxan dugc bién ddi polyete (0,08 g) BYK®-333 tur
BYK-Chemie, USA;

Chét xtc tac uretan (1,00 g) KKAT® 348 tir King Industries;

Gamma-Glyxidoxypropyltrimetoxysilan (3,96 g) A-187 tr Momentive

Performance Materials;

Chét én dinh 4nh sang (8,07 g) TINUVIN® 928 tir Ciba Specialty

Chemicals;

AROMATIC 100 (36,00 g) hdn hop cua cdc dung mdi ¢ nhiét do soi

cao ¢6 sin tir Texaco; va
1-Metyl-2-pyrolidinon (61,88 g) tir Sigma-Aldrich).

Hbn hop dugc khudy & nhiét do trong phong trong vong 2 gid dé thu
dung dich c6 khoang 46,82 trong luong % chét rén cubi dua trén tdng trong
lugng ctia dung dich. Cac hop chit d6i mau theo anh sang dugc bd sung vao

dung dich nay cung véi tron & lugng chi ra nhu sau:

Hop chit d6i mau theo 4nh sang — 1 (PC-1) (0,09 g) dugc bao cdo 1a
7,7-diphenyl-2-pentyl-4-oxo-4H-7H-[1,3]dioxino[5',4":3,4]naphto[1,2-b]pyran
va dugc didu ché theo quy trinh cua Vi du 5 cta Bing sang ché Hoa Ky s6
6,022,497, ma phin boc 16 dugc két hop & ddy bing cach tham chiéu.

PC-2 (2,10 g) dugc bdo céo la 3,3-di(4-metoxyphenyl)-11-
morpholino-13,13-dimetyl-3H,13H-indeno[2',3": 3,4]naphto-[1,2-b]pyran va
dugc didu ché theo quy trinh cta Vi du 1 cua Bing sang ché Hoa Ky sb

7,262,295 B2, ma phén boc 16 dugc két hop & ddy bing cach tham chiéu.
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PC-3 (0,81 g) dugc bao céo la 7-(4-metoxyphenyl)-7-(2-flo-4-
morpholinopphenyl)-2-pentyl-4-oxo0-4H-7H-[1,3]dioxino[5',4":3,4]naphto[1,2-
b]pyran dugc didu ché theo quy trinh ctia Vi du 5 ctia Bing sang ché Hoa Ky
s6 6,022,497, trir khi 1-(4-metoxyphenyl)-1-(2-flo-4-morpholinophenyl)-2-
propyn-1-ol dugc dung & vi tri cua 1,1-diphenyl)-2-propyn-1-ol.

Lép 16t ma khong c6 cac hop chit dbi mau theo anh sang ciing dugc

didu ché @& dung nhu Céc Vi du so sanh 4 va 5.
Phin 2 — Diéu ché LCAF

Staralign 2200CP10 mua tir Ventico dugc pha lodng thanh dung dich

2%v i dung moi xyclopentanon.
Phén 3 — Diéu ché CLF

Cac monome tinh thé 1ong (LCM) céac vat liéu trong CLF dugc diéu

ché nhu duéi day:

LCM-1 la 1-(6-(6-(6-(6-(6-(6-(6-(6-(8-(4-(4-(4-(8-
acryloyloxyhexylloxy)benzoyloxy) phenyloxycacbonyl)phenoxy)octyloxy)-6-
oxohexyloxy)-6-oxohexyloxy)-6-oxohexyloxy)-6-oxohexyloxy)-6-
oxohexyloxy)-6-oxohexyloxy)-6-oxohexyloxy)-6-oxohexan-1-ol ma duogc
didu ché theo cac quy trinh duoc md ta trong Vi du 17 ctia Bing sang ché Hoa
Ky s6 7,910,019, ma phf‘?ln bdc 16 monome tinh thé 16ng duoc két hop & day
bang cach tham chiéu.

LCM-2 dugc thuong mai hoa dudi tén RM257 dugc bao cdo la 2-
metyl-1,4-phenylen este cua axit 4-(3-acryloyloxypropyloxy)-benzoic, cé sén
tr EMD Chemicals, Inc., ¢é cong thirc phan tir 1a C33H32010.

LCM-3 la 1-(6-(4-(4-(trans-4-pentylxyclohexyl)phenoxycacbonyl)
phenoxy)hexyloxy)-2-metylprop-2-en-1-on dugc diéu ché theo quy trinh cta
Vi du 1 trong Béng sang ché Hoa Ky s6 7,910,019, trir khi n=0, ma phan bdc

16 duoc két hop & ddy bang cach tham chiéu.
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LCM-4 la 1-(6-(6-(6-(6-(6-(6-(6-(8-(4-(4-(4-
hexyloxybenzoyloxy)phenoxycacbonyl)- phenoxy)octyloxy)-6-oxohexyloxy)-
6-oxohexyloxy)-6-oxohexyloxy)-6-oxohexyloxy)-6-oxohexyloxy)-6-
oxohexyloxy)-6-oxohexyloxy)-2-metylprop-2-en-1-on dugc didu ché theo céac
quy trinh cua Béng sang ché Hoa Ky $6 7,910,019, ma ph?m boc 16 duge két

hop & day bang cach tham chiéu.
CLF duogc diéu ché nhu dudi day:

Bb sung LCM-1 (1,08 g), LCM-2 (2,4 g), LCM-3 (1,08g), LCM-4
(1,44g), 4-metoxyphenol (0,006 g), va IRGACURE® 819 (0,09 g, chit khoi
mao quang hoc c6 sén tir Ciba-Geigy Corporation) vao binh thép ¢d thich hop
chita hdn hop cua anisol (3,99g) va chit phu gia BYK®-322 0,004g, dugc bao
céo 13 poly-metyl-alkyl-siloxan dugc bién ddi aralkyl c6 sin tir BYK Chemie,
USA),. Hdn hop thu duge chira 60 phén tram tinh theo trong luong 1a cac chét
rdn monome, dya trén tdng trong lugng ctia hdn hop, dugc khudy trong vong 2
gid & 80°C va lam mat dén khoang 26°C va cac hop chit ddi mau theo 4nh
sang sau d6 dugc bd sung vao. PC-4 dugc bd sung & lugng 13 4,8 phan trim
tinh theo trong lugng dua trén céc chét rén monome va dugc bao cdo 1a 3-
Phenyl-3-(4-metoxyphenyl)-10-[4-(4-(4-(trans-4-pentylxyclohexyl)
phenyl)benzamido)phenyl]-6-triflometyl-13,13-dimetyl-3,13-dihydro-
indeno[2’,3":3,4]naphto[1,2-b]pyran duoc diéu ché theo quy trinh cta Vi du 19
ctia Pon sang ché Hoa Ky s6 12/928687 dugc ndp vao ngay 16/12/2010, ma
phén boc 16 dugce két hop & day bang cach tham chiéu; va PC-5 (7-2384) dugc
bd sung & luong 13 7,2 phin tram tinh theo trong lwong dua trén céc chét rin
monome va dugc bao cdo la 3,3-bis(4-metoxyphenyl)- 13-metoxy-13-etyl-7-
[2-metyl-4-(4-(4-(trans-4-pentylxyclohexyl)-phenyl)benzamido)phenyl]-6-
metoxy-13,13-dihydro- indeno[2’,3’:3,4]naphto[1,2-b]pyran dugc didu ché
theo cac quy trinh ctia Pon sang ché Hoa Ky s6 12/928681 dugc ndp vao ngiy
16/12/2010, ma phén boc 16 duoc két hop & ddy bang cach tham chiéu.

Phén 4: Diéu ché TLF

TLF dugc diéu ché nhu duéi day:
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Cac vat liéu sau dugc bd sung vao binh thiy tinh mau hd phach 50

mL dugc lép dit thanh khuéy t:

Hydroxy metacrylat (1, 242 g) tir Sigma-Aldrich;

Neopentyl glycol diacrylat (13,7175 g) SR247 tir Sartomer;

Trimetylolpropan trimetacrylat (2,5825 g) SR350 tir Sartomer;

DESMODUR®PL 340 (5,02 g) tir Bayer Material Science;

IRGACURE®-819 (0,0628 g) tir Ciba Speciality Chemicals;

DAROCUR® TPO (0,0628 g; tix Ciba Speciality Chemicals,

Polybutyl acrylat (0,125 g),

3-Aminopropylpropyltrimetoxysilan (1,4570 g) A-1100 tr Momentive

Performance Materials; va
200 etanol khan tuyét d6i chong thdm (1,4570 g) tt Pharmaco-Aaper.

H3n hop duoc khudy & nhiét d§ trong phong trong vong 2 gid. Péi
v6éi TLF ding trong Vi du 4, chét hip thu 4nh séng cyc tim (ultraviolet light
absorber - UVA) duoc bd sung & lugng 1a 1 phén trim tinh theo trong luong,
dya trén téng trong lugng dung dich. UVA la TINUVIN® 384 cua 16p
hydroxyphenylbenzotriazol tir Ciba Specialty Chemicals.

Phan 5: Piéu ché HCF

HCF dugc didu ché nhu dudi day: Lan nap 1 dugc bd sung vao cbe
kho sach va dit trong bé da & 5°C cung voi khudy. Lan nap 2 dugc bd sung va
su tda nhiét 1am tang nhiét d§ cua hdn hop phan ung 1én 50°C. Nhigt do cua
hdn hgp phan Gng thu duge duoc lam mat xudng 20-25°C va Lan nap 3 dugc
bd sung clung voéi khudy. Lan nap 4 dugc bd sung dé diéu chinh @6 pH tu
khoang 3 dén khoang 5,5. Lan nap 5 dugc bd sung va dung dich dugc tron
trong vong nira gid. Dung dich thu dugc duge loc qua lu6i loc vién nang 0,45

micro mét va bao quan & 4°C cho dén khi dung.

Lan nap 1

-170-



glyxidoxypropyltrimetoxysilan 32,4 gam
metyltrimetoxysilan 345,5 gam
LAan nap 2

Dung dich chita nudc khir ion (deioned water - DI) véi axit nitric (axit

nitric 1g/7000g) 292 gam

Lan nap 3
Dung m6i DOWANOL® PM 228 gam
Lan nap 4
TMAOH (25% tetrametylamoni hydroxit trong metanol) 0,45
gam
Lan nap 5
Chét hoat dong bé mat BYK®-306 2,0 gam

Phin 6 — Cac quy trinh dung & diéu ché chét nén va Bao céo viéc chdng 16p

phu trong Bang 1
Piéu ché chit nén

Céc chét nén hinh vudng co kich thude 5,08 cm x 5,08 cm x 0,318 cm
(2 in-so (in.) x 2 in. x 0,125 in.) dugc diéu ché tir monome CR-39® dwgc thu
lai tr Homalite, Inc. Each, chit nén dugc lam sach bﬁng cach lau véi khin
gidy thdm axeton va 1am khé vé&i dong khi va vanh kinh duoc xir 1y bing cach
cho di trén bang chuyén trong thiét bi xur 1y vanh kinh cé seri Power Genrator
HV 2000 hé thdng Tantec EST s6 020270 véi may bién ddi dién 4p cao. Céc
chét nén dugc cho tiép xuc véi vanh kinh dugce tao ra boi 53,99 KV, 500 Watt

trong khi chay trén bang tai v&i vén tdc cia bing chuyén 3 ft/pht.
Quy trinh phu ddi véi 16p 16t

PLF dugc phu 18n céc chit nén thir nghiém bing cich phi quay trén
mot phan ctia bé mit cia chit nén thir nghiém bang cach phan phdi khoang

1,5 mL cta dung dich va quay céc chét nén 500 vong mdi phut (rpm) trong 3
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gidy, tiép theo 12 1500 rpm trong 7 gidy, tiép theo 1a 2500 rpm trong 4 gidy.
B6 xu ly quay tir Laurell Technologies Corp. (WS-400B-6NPP/LITE) duoc
ding dé phu xoay. Sau d6, cac chit nén dugc phu dugc dit trong 16 duy tri &
125° C trong 60 phut. Cac chit nén dugc phi dugc 1am mat dén khoang 26° C.
Chét nén duoc xir 1y vanh kinh bang cach cho di qua trén bing chuyén trong
thiét bi xir Iy vanh kinh c6 seri Power Genrator HV 2000 hé théng Tantec EST
s6 020270 v&i may bién d6i dién ap cao. Céc 16p 16t dd dugc 1am khd duoc
cho tiép xuc véi vanh kinh duge tao ra bai 53,00 KV, 500 Watt trong khi chay

trén bang tai véi van tdc ciia bing chuyén 3 ft/phit.
Quy trinh phu d6i véi L6p xép thing hang tinh thé 1ong

LCAF dugc phu 1én cic chat nén thir nghiém bang cach phu quay trén
mot phdn cia bé mit cia chit nén thir nghiém bing cach phan phdi khoang
1,0 mL cta dung dich va quay céc chat nén 800 vong mdi phit (rpm) trong
vong 3 gidy, tiép theo 12 1000 rpm trong vong 7 gidy, tiép theo 1a 2500 rpm
trong vong 4 gidy. BO xu 1y quay tir Laurell Technologies Corp. (WS-400B-
6NPP/LITE) dugc diung dé phii xoay. Sau d6, cac chit nén dugc phu dugce dit
trong 10 duy tri & 120° C trong vong 30 phut. Cac chat nén dugc pha duge 1am
mét dén khoang 26°C.

Lép xép théng hang anh dugc 1am kho trén mdi chat nén duge sip xép
it nhit theo phin bang cach tiép xuc vai buc xa cuc tim dugc phan cuc tuyén
tinh. Nguén anh sang dugce dinh hudng sao cho birc xa dugc phéan cuc tuyén
tinh trong mat phéng vudng gbc véi bé mit cua chat nén. Luong bltc xa cuc
tim ma mdi 16p xép thang hang anh dugc cho tiép xic dé do dugc bing cach
sir dung Méay do btrc xa ndng lugng cao UV Power PuckTM tir EIT Inc (Serial
No. 2066) va nhu dudi ddy: UVA 0,018W/cm2 va 5,361 J/cm2; UVB 0
W/cm2 va 0 J/ecm2; UVC 0 W/cm2 va 0 J/cm2; va UVV 0,005 W/ecm2 va
1,541 J/em2. Sau khi sip xép it nhdt mot phin céia mang ludi polyme dinh
huéng quang hoc, cac cht nén dugce 1am maét dén khoang 26° C va giit dugc

che.

Quy trinh pht d6i véi 16p phu
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CLF duogc phu quay ¢ tdc dd 400 vong mdi phat (rpm) trong vong 6
gidy, tiép theo 1a 800 rpm trong vong 6 gidy trén cac vat lidu sép xép thing
hang quang hoc dugc sép xép it nhét theo phén trén céc chit nén thtr nghiém.
MB3i chét nén duge pha dwgc dit trong 10 & 60°C trong vong 30 phit. Sau d6
chung dugc hoa rdn dudi hai dén cuc tim trong My 10 hoa rén bang UV dugc
thiét k& va xay dung boi Belcan Engineering trong khi quyén nito trong khi
chay trén bang chuyén & van tdc 2 ft/phit tai cudng do dinh 0,388 Watts/cm?2
cta UVA va 0,165 Watts/cm2 cia UVV va liéu luong UV 1a 7,386 Joules/cm2
cua UVA va 3,337 Joules/cm2 ciia UVV. Néu chét nén dugc pht nhan 16p phi
trén cung, 16p dugce hoa rén duogc cho tiép xtc véi vanh kinh duge tao ra bdi
53,00 KV, 500 Watt trong khi chay trén bing tai ¢ van tdc ctia bang chuyén 3 |
ft/phut. Néu chit nén duoc phu khong nhan 16p phi trén cung, hoa rdn sau

duoc hoan thién ¢ 105 °C trong vong 3 gio.
Quy trinh phu ddi véi 16p phu trén cung

TLF dugc pha quay & téc do 1400 vong mdi phut (rpm) trong vong 7
gidy trén cac chét nén dugc phu CLF hoa rin. Sau d6 cac chit nén dugc hoa
r4n dudi hai den cuc tim trong May 16 hoa rén UV dugc thiét ké va xdy dung
bai Belcan Engineering trong Khi quyén nito trong khi chay trén béng chuyén
& van téc 6 ft/phut tai cuong d¢ dinh 1,887 Watts/cm2 ctia UVA va 0,694
Watts/cm2 cia UVV va lidu lugng UV 12 4,699 Joules/cm2 cua UVA va 1,787
Toules/cm2 cia UVV. Néu chit nén dugc phu nhén 16p pht cing, 16p duogc
héa rén dugce cho tiép xtc v&i vanh kinh dugc tao ra boi 53,00 KV, 500 Watt
trong khi chay trén bang tai ¢ van tdc cta bang chuyén 3 ft/phut. Néu chét nén
dwgc pht khong nhén 16p pht cimg, hoa ran sau dugc hoan thién ¢ 105 °C

trong vong 3 gio.
Quy trinh phu ddi véi Lop phu cung
HCF dugc phu quay ¢ tbc @5 2000 vong mdi phut (rpm) trong vong

10 gidy trén cac chit nén dugc phu 16p phu trén cing dugce hoa ran. Hoa rin

sau ciia cac chét ndn duge phu dugc hoan thién & 105°C trong vong 3 gio.
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Phin 7 -Céc thir nghiém tién hanh déi mau theo 4nh sang bao gdm Tée do hép

thu va phép do dap ing quang hoc

Céac téc d6 héap thu (Absorption ratio - AR) d6i v6i mdi trong sb cac
chét nén c6 16p phu chira thudc nhudom ludng sic déi mau theo anh sang
(photochromic dichroic dye - PCDD) dugc xac dinh nhu duéi day. May do
quang phé Cary 60001 UV-Visible dugc trang bi gid d& mau tu dinh tdm dugc
gén trén giai doan xoay (Model M-060-PD tir Polytech, PI) va phin mém phu
hop. May phén tich phan cyc (Moxtek PROFLUX® polarizer) dugc dit trong
dim m3u truéc miu. Dung cu duoc thiét 1ap véi cac thong sd sau day: vén tdc
quét = 600 nm/phut; Khoang dit liéu = 1,0 nm; thoi gian hgp nhit = 100 ms;
khoang hép thu = 0-6,5; ché d6 Y = hép thuy; ché @0 X = nano mét; va khoang
quét 12 tir 380 dén 800 nm. Céc lya chon dugc thiét 1ap d6i voi 3,5 chidu rong
dai ho (slit band width - SBW), va hai 1an dbi v6i ché do chiéu. Céac tiy chon
dong co s& dwge thiét 1ap d6i véi sy higu chinh Zero/dong co s¢. Cling nhu
vay, cac kinh loc Mat d§ Trung tinh Man hinh 1,1 va 1,5 (~2,6 cung nhau) la
trong dudng tham chidu dbi voi tt ca céc tia quét. Cac méu nén dugc phu
duoc thir nghiém trong khong khi, ¢ nhiét do trong phong (22,7°C = 2,4°C)
duy tri bing hé théng didu hoa khong khi trong phong thi nghiém.

Su dinh hudng ctia bd phan cuc mau 12 song song va vudng goc véi
bd phan cuc phén tich dugc thuc hién theo cach sau ddy. Cary 6000i dugc
thiét 1ap dén 443 nm ddi véi cac méu chira DD-2 va 675 nm d6i véi cac miu
chta DD-1, va do hép thu dugc theo doi ddi v6i mau dugce quay theo cac bude
nho (0,1 dén 5 do, chéng han, 5, 1, 0,5 va 0,1 d9). Viéc quay cua mau dugc
tiép tuc dén khi dd hép thu dat cuc dai. Vi tri nay dugc xac dinh nhu vudng
géc hodc vi tri 90 d9. Vi tri song song thu dugc bang cach quay san 90 d¢ theo
chidu kim dbng hd hodc nguoc chidu kim déng hd. Su sip xép thing hang cia

cac mau dat dugc dén + 0,1°.

Phé hép thu duge thu thap & ca 90 va 0 dd ddi v6i mdi mau. Viéc
phan tich dir liéu dugc xu ly bing phin mém Igor Pro c6 san tir WaveMetrics.

Phd dugc nap vao trong Igor Pro va cac do hép thu dugc dung dé tinh toan cac
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téc do hp thu & 443 nm va 675 nm. Cac tdc dd hép thu dwgc tinh toan dugce

liét ké trong Bang 7.

Trudce khi dap tng thir nghiém trén gid quang hoc, céc chit nén dugc
didu hoa bang cach cho chung tiép xtc véi anh sang cuc tim 365 nm trong
vong 10 phut & khoang cach khoidng 14 cm tu ngudn d kich hoat trude céac
phén tir d8i mau theo 4nh sang. Viéc chiéu xa UVA ¢ mau dugc do bang may
do quang phd Licor Model Li-1800 va dugc tim thdy 1a 22,2 Watts mbi mét
vudng. Sau do cac mau dugc dit dudi dén halogen (500 W, 120 V) trong
khoang 10 phut & khoang cach khoang 36 cm tir dén dé lam mét mau, hoic bét
hoat, hop chit d6i mau theo dnh sang trong céc mau. Do chidu sang & miu
duge do bing May do quang phd Licor va dugc tim thdy 1a 21,9 Klux. Sau d6
cac mau duge giit trong diéu kién téi trong it nhét 1 gid truéc khi thir nghiém

dé 1am mat va ti€p tuc lam phai mau tr¢ vé trang thai co ban.

Gi4 quang hoc dugc dung dé do cac tinh chit quang hoc clia céc chét
nén dugc phi va léy ra duogc tdc do hip thu va céc tinh chit d6i mau theo anh
sang. Mdi mau thr nghiém dugc dat trén gia quang hoc vdi ngudn 4nh sang
hoat dong (dén hd quang Newport/Oricl Model 66485 300-Watt Xenon vira
v6i may tinh van téc cao UNIBLITZ® VS-25 kiém so4t man chin ma déng
trong gidy lat trong sudt qua trinh thu thip thong tin sao cho &nh sang di lac s&
khong can thiép vao qué trinh thu thép dit liéu, bg loc thong dai SCHOTT® 3
mm KG-1, ma duoc loai bé bic xa budc séng ngén, (céc) b loc mét do trung
tinh dé giam cudong do va thAu kinh ngung tu dé chuén tryc chum tia) dugc bd
tri & géc 30° dén 35° so v4i bé mit cia mau thir nghiém. Dén hd quang dugc

trang bi thiét bi kiém soat cudng do anh sang (Newport/Oriel model 68950).

Ngudn anh sang bing thong rong dé theo d&i cac phép do dap ung
dugc bd tri theo cach vudng goc voi bé mit cia mau thir nghiém. Tin hiéu
duoc ting cudng clia cac budc séng nhin thdy dugc ngén hon thu dugce bang
cach thu thap va két hop anh sang duoc loc riéng tir dén halogen vonfram 100-
Watt (didu khién bing bd cip bot dién dp khong d6i LAMBDA® UP60-14)

bing cap quang sgi d6i dugc tach & ddu. Anh sang tir mdt phia cia dén
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halogen vonfram dugc loc véi bd loc SCHOTT® KG1 dé hép thu nhiét va bd
loc HOYA® B-440 d cho phép cac budc séng ngén hon di qua. Phia khac
ctua anh sang ciling dugc loc véi bo loc SCHOTT® KG1 hodc khong dugce loc.
Anh sang duoc thu thap bing cach tip trung anh sang tir mdi phia cia dén trén
d4u phan tach ctia cap quang soi doi dugc tach & dau, va tiép theo 1a két hop
vao mdt ngudn anh sang ndi lén tir ddu don cua cap. Ong 4” duoc gén két vai
ddu don cta cap d& dam bao tron dung. Ngudn anh sang biang thong rong vira
v6i mdy tinh véan téc cao UNIBLITZ® VS-25 kiém soat man chin ma mo

trong gidy lat trong sudt qua trinh thu thap di lidu.

Su phan cuc ctia ngudn anh sang thu dugc bing cach truyén anh sang
tir ddu don cla cap thong qua bd phan cuc Moxtek, PROFLUX® dugc giit
trong may tinh diéu khién, giai doan quay duoc co gigi héa (Model M-061-PD
tlr Polytech, PI). Tia gidm sat dugc thiét 14p sao cho mdt mit phing phan cuc
(0°) dugc lam vudng géc v6i mit phing cia bang gid quang hoc va mit phéng
phén cuc thit hai (90°) dugc song song véi mit phing ciia bang gia quang hoc.
Cac mau dugc chay trong khong khi, & 23°C + 0,1°C duy tri bing pin khong
khi kiém soat nhiét do.

Pé sip xép thing hang mdi mau, bd phan cuc thi hai dugce bd sung
vao quang trinh. BO phan cuc tht hai dugc thiét 1ap thanh 90° cia bd phén cuc
thit nhat. Mau dugc dit trong pir khong khi trong gia d& tu dinh tdm duoc gén
trén giai doan xoay (Model No M-061. PD tir Polytech, PI). Chum tia laze
(laze diot Coherent —ULN 635) dugc hudéng qua cac bd phén cuc chéo va
mau. Mau duge quay (trong cac budc 3° khi chuyén dong va trong céc budc
0,1° khi di chuyén nho) dé tim ra do truyén téi thidu. O diém nay, miu dwgc
sap xép thing hang song song hodc vudng goc vdi bd phan cuc Moxtek va bd
phéan cyc th hai cling nhu chum tia laze diot dugc loai bd khdi quang trinh.

Mau duge sip xép thing hang + 0,2° trudce khi kich hoat.

Pé tién hanh cac phép do, mdi mau thir nghiém dwgc cho tiép xuc vai
6,7 W/m? ciia UVA tir ngudn anh sang dugc kich hoat trong vong tir 10 dén 20

phut dé kich hoat hgp chéat d6i mau theo anh sang. M4y do birc xa nghién ciru
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anh sang qubc t& (Model IL-1700) v4i hé théng do tim (mdy do Model
SED033, b6 loc B, va bd khuéch tan) dugc dung dé xac minh phoi nhiém vao
diu mdi ngay. Anh sang tir ngudn giam sat ma dugc phan cuc dén mit phing
phan cyc 0° sau d6 duoc cho qua miu dugc phu va tip trung vao qua ciu tich
hop 17, ma duoc lién két voi may do quang phd OCEAN OPTICS® S2000 st
dung cép quang s¢i mot chirc nang. Thong tin phd, sau khi di qua mau, duoc
thu thap bang cach sir dung phin mém OCEAN OPTICS® OOIBase32 va
OOIColor, va phdn mém doc quyén PPG. Trong khi vat liéu ddi mau theo anh
sang duogc kich hoat, vi tri cuia ctia tAm phan cuc duoc quay qua va quay lai dé
phén cuc 4nh sang tr ngudn anh sang gidm sat thanh mit phing phan cuc 90°
va trd lai. Dit liéu dugc thu thdp trong khoang 600 dén 1200 gidy & céc
khoang thoi gian 5 gidy mot trong subt su kich hoat. Pi v6i mdi thur nghiém,
sy quay cua céc by phan cuc dugc diéu chinh dé thu thap dit liéu theo cach

trinh tu sau ddy ctia cac mat phéng phén cuc: 0°, 90°, 90°, 0°, v.v..

Phé hip thu duoc thu lai va phén tich d6i véi m&i mau thir nghiém st
dung phin mém Igor Pro (c6 sin tir WaveMetrics). Su thay dbi trong do hap
thu theo mdi hudng phan cuc v6i mbi mau thir nghiém dugc tinh toan bang
cach trir di thoi gian 0 (vi du, khéng dugc kich hoat) phép do do hip thu dbi
v6i cac miu & mdi bude séng duge thir nghiém. Céc tri sé hdp thu trung binh
dwgc thu lai trong ving cua bién dang kich hoat tai noi ma dap tng ddi mau
theo 4nh sang cta hop chit dbi mau theo 4nh sang di bdo hoa hodc gin bio
hoa (vi dy, céc ving tai noi ma dd hip thu do dugc khong ting hodc khong
ting dang ké theo thoi gian) dbi véi mbi mau bang céch 14y trung binh d6 hip
thu & mdi thoi gian trong ving nay. Tri s hip thu trung binh trong khoang
x4c dinh trude clia cac budc song twong Ung Amax-vis /- 5 nm duge trich xuét
dbi véi cac su phén cuc 0° va 90°, va tdc do hép thu dbi voi mdi budce séng
trong khoang dugc tinh toan bang cach chia d6 hip thu trung binh 16n hon bai
d6 hap thy trung binh nho. Pbi véi mdi budce séng chiét xuit ra, cac diém dir
liéu 5 dén 100 dugc tinh trung binh. Téc d6 hip thu trung binh dbi véi hop
chét d8i mau theo 4nh sdng sau d6 duoc tinh toan bang cach l4y trung binh

cac tdc dd hép thu riéng nay.
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Su thay d6i mat do quang hoc (AOD) tir trang thai bi mét mau sang
trang thai t61 mau duoc x4c dinh béng cach thiét lap do truyén ban dau, md
man chin tir dén xenon d& tao ra birc xa cuc tim dé thay ddi thau kinh thr
nghié€m tir trang thai bi mét mau sang trang thai dugc kich hoat (vi dy, 1am ti
mau). Dt liéu dugc thu thap & céc thoi diém dugc chon cta thoi gian, do dd
truyén trong trang thai dugc kich hoat, va tinh toén sy thay dbi trong mat 4o
quang hoc theo cong thirc: AOD = log(%Tb/%Ta), trong d6 %Tb 1a do truyén
tinh theo phén trim trong trang thai bi mat mau, %Ta 1a dd truyén tinh theo
phén tram trong trang théi dugc kich hoat va logarit 1a trén co s6 10. Cac phép
do duoc thuc hién & bude séng photopic (Phot) cling nhu & cac budc séng ma

duogc tinh trung binh cua 440 nm va 570 nm va dugc béo cdo trong Bang 1.

Chu ky béan ra (T1/2) 1a khoang thoi gian bang gidy d6i voi AOD cua
dang dugc kich hoat cia cic hop cht ddi mau theo 4nh séng trong céc miu
thr nghiém dé dat dén mdt nira AOD duoc do sau mudi 1dm phut, hodc sau khi
trang théi bdo hoa hodc g?ln bdo hoa dat dugc, ¢ nhiét d§ trong phong sau khi

loai bd ngudn anh sang kich hoat, ching han, bang cach déng man chén.

Cac két qua trong cac vi du 1-4 va Vi du so sanh 1-6 dugc liét ké
trong Bang 1. D6i voi mbi bude séng, AOD cia cac Vi du 1-4 1a 16n hon abi

v6i Vi du so sanh 1-6.

-178-



27509

0S fip TA 080 BA -] T IA 980 eno nyd dof 9o 104 19p iy dey ¢p 993 00 BA Jups Yug 00y} new 1op Sudp 1eoy Ag — [ 3ueq

IS¢ | L9 ¥8°0 690 0L0 X X X X X TNAdIA
8¢ | 6SI 6L°0 990 L9°0 X X X I NAIA
G8'c| 891 SL €90 €9°0 X X X X S HNVS OS na IA
81V | 6S1 vL0 €90 €9°0 X X X ¥ HNYVYS OS NAaiIA
89°¢ | 161 9.0 €90 €9°0 X X X X € HNYS OS NAaIA
€6°€| ¥91 b1 €90 €90 X X X CHNYS OS Nna IA

(quiq | (quiq

Sunn) | Sunn) | I0Ud

wugLS | Wwuohy

VAN
+ 3uno yd 3uor g
(Ag13) Sugo | Suno | ugn | | yun Suey | Od + .
EARRZA aov nyd | uen | nyd 901 Bueyy dox | 301 doT %_ g AP 9P
nyd | dog des doT 71
do1
9-1 yues

-179-



27509

Sang ché da dugc md ta vdi sy tham chiéu den chi ti€t cu thé cia céc
phuong 4n dic biét cuia chung. Khong c¢6 dy dinh rang cac md ta chi tiet nay dugc
coi 1a cac gidi han ddi voi sang ché, ngoai trr trong chimg muc ma cdc mo ta chi

tiét nay dugc bao gdm trong cac yéu cau bao ho di kém.
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YEU CAU BAO HOQ
1. Vat dung ddi mau theo 4nh sang bao gbm:
chit nén;

16p 16t bao gbm hop chit ddi mau theo anh sang thi nhét c6 budc séng
hip thy dinh tht nhit va budc song hap thu nho nhét cudi thr nhat, budc song hip
thu nhé nhat cudi thir nhit c6 budc séng 16n hon so voi bude song hép thu dinh

tht nhét, va 16p 16t dugce bb tri & trén chat nén; va

16p ludng sic ddi mau theo 4nh séang bao gbdm hop chit ludng sic dbi
mau theo 4nh sang c6 budc song hép thu dinh thi hai va budc song hép thu nho
nhét cudi thir hai, budc séng hip thu nho nhét cudi tht hai ¢6 bude séng 16n hon
so v6i budce séong hip thu dinh tha hai, va 16p ludng sic d6i mau theo anh séng
duoc bd tri & trén 16p 16t,

trong d6 budc song hép thu dinh tht hai 1a nho hon so véi budc séng
hip thu dinh thtt nhit, va buéc séng hép thu nho nhét cubi thr hai 12 nhé hon so
v6i bude song hap thu nho nhét cudi tht nhét, va |

ngoai ra trong d6 hop chit ludng sic dbi mau theo anh sang c6 do hép

thy nhé hon hodc bng 0,1 & budc song hip thy dinh thir nhat.

2. Vat dung dbi mau theo anh sang theo diém 1, trong d6 budc song hép thu nhé
nhét cudi thir hai 12 nhé hon hodc bang gié tri budc séng dan xen thi nhit duge

tinh todn tir phuong trinh dudi day:

(buéc song hap thu dinh tht nhét) x 1,05.

3. Vat dung ddi mau theo anh sang theo diém 1, trong d6 budc song hép thu nho
nhét cudi thir hai 12 nhé hon hodc bing gié tri budc song dan xen thir nhit dugc

tinh toan tir phuong trinh dudi day:
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(bude séng hip thu dinh thir nhét) x 1,025.

4. Vat dung ddi mau theo 4nh sang theo didm 1, trong d6 budc séng hép thu nho

nhét cudi thi hai 1a nhd hon hoic béng budc song hép thu dinh thir nhét.

5. Vat dung dbi mau theo anh sang theo diém 1, trong d6 mdi budc séng hép thy
dinh thir nhét, budc séng hép thu dinh nhé nhét cudi thir nhét, budce séng hip thu
dinh tht hai, va budc séng nhé nhat cudi thur hai doc 1ap dugc chon tir 300 nm dén
780 nm.

6. Vét dung ddi mau theo anh sang theo diém 5, trong d6 mdi budc séng hép thu
dinh thtt nhét, bude soéng hip thu dinh nhé nhét cudi thir nhit, budc séng hép thu
dinh thi hai, va budc séng nhé nhét cudi thir hai doc 1ap duge chon tir 300 nm dén
500 nm.

7. Vat dung d6i mau theo 4nh sang theo diém 6, trong d6 budc séng hép thy dinh
thtt nhat dugc chon tir 400 nm dén 420 nm, budc song hép thu dinh thir hai dugc
chon tir 350 nm dén 370 nm, va budc séng hip thu nhé nhét cudi tht hai 1a nho
hon hoic bang gié tri budc séng dan xen thir nhét duge tinh toan tir phuong trinh
dudi day:

(budc song hép thu dinh thi nhét) x 1,05.

8. Vét dung ddi mau theo 4nh sang theo diém 1, trong d6 16p 16t con bao gbm nén

hitu co bao gbém céc lién két polyuretan.
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9. Vat dung ddi mau theo 4nh sang theo diém 1, trong d6 16p ludng sic ddi mau

theo 4nh sang con bao gdm vat liéu khong ding hudng.

10. V4t dung d6i mau theo 4nh sang theo diém 9, trong d6 vt liéu khong ding

hudng bao gdm vit liéu tinh thé 16ng.

11. Vat dung d6i mau theo 4nh sang theo diém 1, trong d6 hop chit ludng sic ddi

mau theo 4nh sang duoc sép xép thing hang it nhét theo phan.

12. Vat dung d6i mau theo 4nh sang theo diém 1, trong d6 16p ludng sic ddi mau

theo anh sang con bao gdm polyme dugc tach pha bao gbm:
pha nén ma dugce sip xép it nhat mot phén, va
pha dua vao ma duge sdp xép it nhit mot phén,

trong d6 pha dua vao bao gdm hop chét ludng sic ddi mau theo 4nh sang, va hop
chét ludng sic d6i mau theo 4nh sing duge sip xép thing hang it nhét theo phan

v6i it nht mot phéan cia pha dua vao.

13. Vat dung d6i mau theo anh sang theo diém 1, trong d6 16p ludng sic d6i mau

theo 4nh sang con bao gdm mang ludi polyme xen k& bao gbm,
vat liéu khong déng huéng ma dugce sip xép it nhit mot phén, va
vat liéu polyme,

trong do vat liéu khong ding hudng bao gdm hop chit ludng séc d6i mau theo anh
sang, va hop chit ludng sic d6i mau theo anh sang dugc sip xép thing hang it

nhét theo phan véi it nhit mot phan cia vt liéu khong dang hudng.
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14. Vat dung d6i mau theo anh sang theo diém 1, trong d6 16p ludng sic dbi mau
theo 4nh sang con bao gdm it nhit mot chét phu gia dugc chon tur thudc nhudm,
chét xtc tac sip xép thing hang, chét phu gia lam ting dong hoc, chét khoi mao
quang hoc, chét khoi mao nhiét hoc, chét trc ché polyme héa, dung moi, chét 6n
dinh 4nh sang, chit n dinh nhiét, chit giai phong khuén, chit kiém soat luu bién

hoc, chat 1am déu mau, chét loai bo gdc tu do, va chat xtic tdc bam dinh.

15. Vat dung d6i mau theo anh sang theo diém 1, trong d6 16p ludng sic d6i mau
theo 4nh sang con bao gdm it nhit mot vat lidu ludng sic dugc chon tir azometin,
indigoit, thioindigoit, meroxyanin, indan, thubc nhudém quinophtalonic, perylen,
phtaloperin, triphenodioxazin, indoloquinoxalin, imidazo-triazin, tetrazin, thube
nhudom azo va (poly)azo, benzoquinon, naphtoquinon, anthroquinon va

(poly)anthroquinon, anthropyrimidinon, iodin va iodat.

16. Vat dung d6i mau theo 4nh séng theo diém 1, trong d6 mdi hop chét d6i mau
theo 4nh sang thir nhét va hop chit ludng sic ddi mau theo 4nh séng ddc 1ap dugc
chon tir naphtopyran dung hgp indeno, naphto[1,2-b]pyran, naphto[2,1-b]pyran,
spirofloeno[1,2-b]pyran, phenanthropyran, quinolinopyran, floanthenopyran,
spiropyran, benzoxazin, naphtoxazin, spiro(indolin)naphtoxazin,
spiro(indolin)pyridobenzoxazin, spiro(indolin)floanthenoxazin,
spiro(indolin)quinoxazin,  fulgit,  fulgimit,  diaryleten,  diarylalkyleten,
diarylalkenyleten, hgp chit d6i mau theo 4nh séng nghich dao v& nhiét, va hop

chit ddi mau theo 4anh sang khong nghich dao vé nhiét, va hdn hgp cua chung.

17. Vat dung d6i mau theo 4nh séng theo diém 1, trong d6 vat dung nay con bao

gdm 16p xép thing hang dugc dit vao gitta 16p 16t va 16p ludng sic d6i mau theo
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anh sang, va hop chét ludng sic d6i mau theo 4nh sang dugc sip xép thing hang it

nhét theo phan.

18. Vat dung dbi mau theo 4nh sang theo diém 1, trong d6 vat dung ndy con bao
gbm 16p phii trén cliing bao gdm chét hip thu 4nh sang cuc tim, trong d6 16p pht

trén cuing nam trén 16p ludng sdc do6i mau theo anh sang.

19. Vat dung dbi mau theo 4nh séng theo diém 18, trong d6 vat dung nay con bao

gbm 16p phu cting, trong d6 16p phu cing nam trén 16p phi trén clng.

20. Vat dung dbi mau theo anh sang theo diém 1, trong d6 vat dung ddi mau theo
anh sang dugc chon tir vat dung dung cho mét, vat dung hién thi, ctra sd, guong,
va vat dung té bao tinh thé 16ng hoat dong, va vat dung té bao tinh thé 1éng khong
hoat dong.

21. Véat dung dbi mau theo anh sang theo diém 20, trong do6 vat dung ddi mau theo
anh sang dugc chon tur kinh diéu chinh khic xa, kinh khong diéu chinh khuc xa,
kinh &p trong, kinh trong mét, kinh khuéch dai, kinh bao vé, va tAm kinh che.

22. Vit dung dbi mau theo anh sang theo diém 20, trong do6 vat dung hién thi dugc

chon tir man chiéu, man hinh, va thi€t bi an ninh.

23. Vat dung d6i mau theo 4nh sang theo diém 1, trong d6 chat nén dugc chon tir
chit nén khong dugc nhudm mau, chit nén dugc nhudm mau, chat nén doi mau
theo 4nh séng, chat nén d6i mau theo 4nh sang dugc nhudm mau, va chat nén phan

cyc tuyén tinh.
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24. Vit dung d6i mau theo anh sang bao gbm:
chét nén;

16p 16t bao gdbm hop chit d8i mau theo 4nh sang thi nhit c6 budc séng
hép thy dinh thir nhit va budc séng hap thu nhod nhét cudi thir nhét, budc song hép
thu nhé nhét cudi thtt nhat c6 bude song 16n hon so véi bude soéng hép thu dinh

tht nhét, va 16p 16t dugce bd tri & trén chit nén;

16p ludng sic ddi mau theo 4nh sang bao gbm hop chit ludng sic ddi
mau theo 4nh sang c6 budc séng hip thu dinh thi hai va bude séng hép thy nho
nhét cudi thit hai, budc séng hip thu nhé nhit cudi thir hai c¢6 budce séng 16n hon
so v6i budc séng hip thu dinh tht hai, va 16p ludng sic d6i mau theo 4nh sang

dugc bb tri & trén 16p lot; va -

16p phu trén cung bao gdm hop chét d6i mau theo anh sang tht hai c6
bude song hip thy dinh thir ba va bude séng hép thu nhé nhét cudi thit ba, budc
séng hép thu nhod nhét cudi thir ba c6 budc séng 16n hon so voi bude song hép thu
dinh thir ba, va 16p phu trén cung dugc b tri & trén 16p ludng sic ddi mau theo

anh sang,

trong d6 budc séng hap thu dinh thir hai 12 nhé hon so véi buéc séng -
hép thu dinh thtr nhat, buéc song hip thu nho nhét cudi thi hai 12 nh6 hon so véi
budc song hip thu nhé nhat cudi thir nhét, bude séng hap thu dinh thir ba 1a nho
hon so v6i bude song hép thu dinh thir hai, va bude song hép thu nhd nhét cubi

thir ba 12 nhé hon so v6i budc song hép thu nhé nhat cuéi thir hai,

ngoai ra trong d6 hop chit ludng sic ddi mau theo 4nh séang c6 dd hép

thu nho hon hoic bing 0,1 & budce song hdp thu dinh thi nhét, va

hop chét ddi mau theo anh sang thtt hai ¢ @ hip thy nho hon hodc

bing 0,1 & budc song hép thu dinh tht hai.
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25. Vat dung ddi mau theo 4nh sang theo diém 24, trong d6 budc song hép thu nho
nhét cudi tht hai 12 nhé hon hodc bing gia tri budc séng dan xen thi nhét dugc
tinh toan tir phuong trinh duéi day:

(budce séng hap thu dinh thir nhét) x 1,05

va buéc séng hép thu nho nhét cudi thir ba 1a nhé hon hodc bang gid tri bude séng
dan xen th{r hai dugc tinh toén tir phuong trinh duéi day:

(bude séng hap thu dinh thir hai) x 1,05.

26. Vat dung dbi mau theo dnh sang theo diém 24, trong d6 budc séng hap thu nho
nhét cui thir hai 12 nhd hon hodc bing gié tri budc séng dan xen tht nhét dugce
tinh toan tir phuong trinh duéi day:

(budce séng hip thu dinh thir nhét) x 1,025

va budc séng hip thu nhod nhét cudi thir ba 12 nhd hon hodc bing gia tri budc séng

dan xen thir hai dugc tinh todn tir phuong trinh dudi day:

(budc séng hap thu dinh thir hai) x 1,025.

27. Vat dung @i mau theo 4anh séng theo diém 24, trong d6 budc séng hép thu nhé
nhit cudi thir hai 14 nhd hon hodc bing budc séng hdp thy dinh thit nhét, va budce
séng hép thy nhé nhat cudi thir ba 1a nhé hon hodc bing budce séng hap thy dinh
th hai.

28. Vat dung ddi mau theo 4nh sang theo diém 24, trong d6 mdi budc song hép thu

dinh thr nhit, buée séng hip thu dinh nho nhét cudi thir nhét, bude séng hap thu
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dinh thir hai, buéc séng nho nhét cudi tht hai, budc song hép thu dinh thir ba, va

budc séng nhod nhét cubi thir ba doc 1ap dugc chon tir 300 nm dén 780 nm.

29. Vat dung d6i mau theo 4nh sang theo diém 28, trong d6 mdi budc séng hép thy
dinh thtr nhit, budc song hip thu dinh nhé nhét cudi thir nhit, budc séng hép thu
dinh thir hai, budc séng nhé nhét cudi thir hai, bude song hép thu dinh thir ba, va

budc séng nhé nhat cudi thir ba doc 1ap dugc chon tir 300 nm dén 500 nm.

30. V4t dung ddi mau theo 4nh sang theo diém 29, trong d6:
budc song hép thu dinh thir nhét duge chon tir 400 nm dén 420 nm,
budc séng hap thu dinh thir hai dugce chon tir 350 nm dén 370 nm, va
budc séng hép thu dinh thir ba dwoc chon tir 310 nm dén 330 nm, va

ngoai ra trong d6, budc séng hip thu nhé nhét cubi thir hai 1 nhé hon
hodc bang gia tri budc séng dan xen thir nhit dugc tinh toan tlir phwong trinh duédi
day:
(bude séng hip thu dinh thir nhit) x 1,05,
va bude séng hip thu nhé nhit cudi thir ba 12 nhd hon hodc bing gi tri
budc séng dan xen thir hai dugc tinh toén tir phwong trinh duéi day:

(budc song hip thu dinh thi hai) x 1,05.

31. Vat dung d6i mau theo anh sang theo diém 24, trong d6 mdi hop chét d6i mau
theo anh sang thir nhét, hop chét ludng sic dbi mau theo anh sang, va hop chat doi
mau theo anh sang tht hai doc 1ap dugce chon tir naphtopyran dung hop indeno,
naphto[1,2-b]pyran, naphto[2,1-b]pyran, spirofloeno[1,2-b]pyran,

phenanthropyran, quinolinopyran, floanthenopyran, spiropyran, benzoxazin,
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naphtoxazin, spiro(indolin)naphtoxazin, spiro(indolin)pyridobenzoxazin,
spiro(indolin)floanthenoxazin,  spiro(indolin)quinoxazin,  fulgit,  fulgimit,
diaryleten, diarylalkyleten, diarylalkenyleten, hop chit ddi mau theo 4nh séng
nghich dao vé nhiét, va hop chit ddi mau theo 4nh sang khong nghich dao vé

nhiét, va hon hop ciia chung.

32. Vat dung d8i mau theo anh sang theo diém 24, trong d6 16p phu trén clng con

bao gdm chit hip thu 4nh sang cyc tim.
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