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Linh vue ky thuit dwoc dé cap

Sang ché @& cap dén hop chét pyridin, phuong phap tong hop hop chét nay,
dung dich ma kim loai hodc hop kim kim loai chira hop chat pyridin nay va phuong
phép st dung dung dich ma kim loai hodc hgp kim kim loai nay.

Dung dich ma 1a dic biét thich hop dé dién diy cac ciu tric 16m trong linh vuc

codng nghiép dién tir va ban dan lién quan dén cac ing dung ma kim loai kép.

Tinh trang k§y thuit cia sang ché

Viéc ling pht hoa hoc theo phwong phap wét kim loai va hop kim kim loai (ma
kim loai) dwgc sir dung rong rdi trong cac nganh cong nghiép khac nhau dé tao ra cac
16p phu trang tri va cac 16p pha chitc ning. Do d6, mot s6 luong 16n cac kim loai va
hop kim kim loai ¢6 thé dugc tao ra trén cac nén khac nhau. Mbi quan tam dac bi¢t
trong nganh cong nghiép dién tir va ban din 14 viéc ma déng. Pdng duoc sir dung trong
cac nganh cong nghiép nay vi n6 c¢6 kha ning din dién cao va cogia ca twong ddi thap.
Pdng duge sir dung dé tao ra cac dwong din dién, thuong bang phuong phép ling phu
dién phan vi ddy 1a phuong phap nhanh chéng va c6 hiéu qua vé chi phi.

Khéng ké cdc tdc dung khdc, dung dich ma dé ling phu dién phan dong dugc sir
dung dé san xuét bang mach in va nén IC, noi cac cAu trac manh nhu ranh, 18 thong
(through holes - TH), vi 16 kin (blind micro vias - BMV) va cdu triic dém dang tru cin
duge duoc dién diy hoic duoc tao ra bing déng. Mot ing dung khac cia phuong phap
ling phu dién phan dong 14 dé dién ddy cac cdu trac 16m, nhu 16 thong silic (through
silicon vias - TSV) va ma kim loai kép hodc 16p phan phéi lai tao hinh (redistribution
layers - RDL) va cdu trac dém dang tru trong va trén nén ban dan. Mot ing dung khéc
dang tré nén can thiét hon 1a viéc dién ddy 15 thong thuy tinh, #izc la 16 va cac céu tric
16m c6 lién quan trong nén thuy tinh bang dong hoic cac hop kim ddng bang cach ma
dién.

Thong thuong, su két hop cua céc chat phu gia khac nhau dugc sir dung trong
cac hon hop tao dung dich ma nhu vay. Vi du, dung dich ma dién phan df?)ng chira cac
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chét phu gia khéc nhau nhu chét san bang, chat mang-chit tc ché va chit tang tdc-chat

lam sang.

Cong bd don yéu cau cip patent s6 EP 1 069 211 A2 d& cap dén dung dich ma
ddng chtra ngudn ion ddng, axit, chat phu gia la chit mang, chat phu gia 1a chéit lam
sang va chédt phu gia san bing ma co thé 1a poly[bis(2-cloetyl)ete-alt-1,3-bis[3-
(dimetylamino)propyl]ure (CAS-No. 68555-36-2) ma chira nguyén tir halogenua lién
két hitu co (vi du, lién két cong hoa tri C-Cl) & it nhét mot diu cudi mach cia polyme
nay.

US 2009/0205969 A1 mo ta cac polyme dugc tao li€n két ngang dugc tao ra tr
ure, N,N-dialkylaminoalkylamin va N,N-bis-(aminoalkyl)-alkylamin lam chét phu gia
dé ling phu dién phan kim loai. Quy trinh dugc boc 16 trong tai li€u nay dé cap dén
viéc ling phu dién phan k&m.

Céc polyme trén co s& ure tuong tu cling dugc dé cap trong US 4,157,388, trong
do tAt ca cac gbe ure déu duoc lién két theo kidu cau ndi qua alkylen chira nito, tirc 1a
cac amin bac hai, bic ba va amin tuong tu. Cac dAn xuét cation va viéc st dung chiing
trong dung dich ma dién phén da duoc boc 16 trong don yéu ciu cép patent Dirc s6 DE
10 2005 060 030 Al. Céc gbc ure riéng 1é trong polyme nay dugc lién két boi cac dan

xuat amoni bac bon.

Ngoai ra, WO 2007/024606 dé xuét str dung ure, thioure va cac polyme lam cac
chét phu gia trong cac ung dung my pham, trong d6 ure, thioure va cac gbc riéng 1&

duoc lién két bai cac gdc amoni bac bon.

Tir EP 2 735 627 Al, da biét viéc stt dung cac polyme ureyl 1am chét san bing
dé lang phu dién phan ddng. Céac polyme nhu vay co thé thu dugc bang phan tmg da
cong hop ctia cac dan xult va cac hop chat ai nhan. WO 2011/029781 cong b viée sir

dung céc polyme nay dé lang phu dién phan kém.

Tuy nhién, chit phu gia nhu vay khi dugc st dung trong dung dich ma ddng c6
tinh axit 1a khong thich hop nhim dép mg céc yéu cau hién nay va trong twong lai dé
san XuAt bang mach in tién tién, nén IC va kim loai hoa nén ban dan va nén thuy tinh.
Tuy thudc vao cach bd tri mach, BMV trong bang mach in va nén IC can dugc dién day
bang ddng khong chi dam béo tinh bao gidc ma con cAn duoc dién dy hoan toan. Céc
yéu cAu thong thuong déi véi viée didn ddy BMV 14, vi dy: thu duge BMV duge dien
ddy hoan toan trong khi ling phii dong véi do day khong qua 12 dén 18 um trén cac
ving nén phing lan cén va ddng thoi tao ra vét 16m trén bé mit ngoai cia BMV duogc

dién day day khong qua 5 pm.
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Trong qué trinh kim loai héa lat ban dan, viéc dién diy TSV phai dan dén viéc
dién diy hoan toan va khong c6 nhiing chd ddng bi ma khuyét trong khi phan dong bi
phu chom lén cac vung phing 1an cén khong quéa 1/5 qua duong kinh. Cic yéu cau
twong tu 14 dé didn ddy 16 thong thuy tinh bang dong.

Ban chét ky thuit ciia sang ché

Do vay, muc dich ctua sang ché 12 d& xuét hop chat dung trong dung dich ma kim
loai, tot hon 13 dung trong dung dich ma ddng dé lang phu dién phan ddng hoic cac hop
kim ddng, ma dap tng céc yéu cdu d6i v6i cac tmg dung néu trén trong linh vuc san
xuAt bang mach in va nén IC ciing nhu kim loai hoa nén ban din nhu viéc dién diy
TSV, ma kim loai kép, ling phu céc 16p phan phéi lai hodc céu tric dém dang tru va
viéc dién day 16 thong thuy tinh va vi 16 kin (BMV).

Céac muc dich néu trén dat dugc bang hop chit chtra don vi tring hop ¢6 cong
thic (I) sau:

T 0

trong do mdi A 1a don vi doc 1ap dugc chon tir don vi ¢6 cac cong thire (Al) va
(A2) sau

- v
_—@RM_” /U\ ﬁ_RaZ_X1}§

e

(A1) va

[ Y2 Y3
= Il pa3 JJ\ a4 /U\ a5_y2
LR e e }% "

trong do

mdi R*!, RZ, R® va R® doc lap duge chon tir nhom bao gém C1-C12-alkandiyl
va -(CHZ)C-[CH(Ra6)-CH2-O]d-(CHz)e-, trong d6 ¢ 1a sb nguyén nam trong khoang tir 0
dén 3; d 12 s6 nguyén nim trong khoang tir 1 dén 100; e 12 sb nguyén nam trong khoang
tir 1 dén 3; mdi R doc 1ap voi nhau duge chon tir nhdm bao gf”)m hydro, alkyl, aryl va
aralkyl;

mdi R* doc 1ap duge chon tir nhém bao gbdm alkandiyl, arendiyl va -(CH,)s~
[CH(Ra7)-CH2-O]g-(CHz)h-, trong do f'la s6 nguyén nim trong khoang tir 0 dén3;gla s6
nguyén nim trong khoang tir 1 dén 100; h 1a sb nguyén nam trong khoang tr 1 dén 3;

mdi R* doc 1ap vé6i nhau duge chon tir nhom bao gdm hydro, alkyl, aryl va aralkyl;
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X 1.~ A A < r A r A
mdi X' va X* doc 14p duoc chon tir nhém bao gom cac goc sau:

“ bl R
%"@g, §—N\/§N—§, | Nl\%z va 5—2?:;

trong d6 Z dugc chon tr -CHy-, O, S; zvaz’ 1a ) nguyén doc lap nam trong
khoang tir 2 dén 6, mdi R*® va R¥ doc 14p duoc chon tir nhém bao gdm hydro, alkyl,
aryl, aralkyl va -CH,-CH,-(OCH,CH,),-OH trong d6 y la s6 nguyén nam trong khoang
tir 1 dén 4;

mdi Y, Y* va Y? doc 1ap dugc chon tir nhém bao gém O va N(Ram), trong dé

mdi R*!? doc 14p dugc chon tir nhém bao gdm hydro, alkyl, aryl va aralkyl;
a 12 s6 nguyén nam trong khoang tur 1 dén 40; va
mdi D doc 1ap duge chon tir nhém bao gém

-CH,-CH(OH)-CH,-, -CH,-CH(SH)-CH,-, -(CH,);-[CHR")-CH,-O];-
(CHy)x- va

-CH,-CH(OH)-(CH,)-[CH(R®)-CH,-01,-(CH,),-CH(OH)-CH,-

trong do i la sd nguyén nim trong khoang tir 0 dén 3; j 1a s6 nguyén nim trong
khoang tir 1 dén 100; k 14 s6 nguyén nam trong khoang tir 1 dén 3; mbi R doc lap véi
nhau duoc chon tir nhém bao gdm hydro, alkyl, aryl va aralkyl; 1 la s6 nguyén nim
trong khoang tur 1 dén 3; m 1a s6 nguyén nim trong khoang tir 1 dén 100; n 1a sb
nguyén nam trong khoang tur 1 dén 3; mdi R% doc 14p voi nhau duge chon tir nhém bao

gbm hydro, alkyl, aryl va aralkyl.

Trong ban md ta nay, cac hop chit chtra don vi trung hop c6 cong thuc (1)
duocgoi 14 “hop chat pyridin”.

Céc muc dich trén con dat dugc bang cach sir dung it nhét mot hop chat pyridin
trong dung dich ma kim loai hodc hop kim kim loai, tot hon 1a (béng cach st dung
ching) trong dung dich ma ddng hodc hop kim ddng. Dung dich ma kim loai hodc hop
kim kim loai 14 thich hop dé ling phu kim loai hodc hop kim kim loai, tot hon la dong

ho#c hop kim dong, trén it nhat mot bé mat cua nén.

Hon thé, cac muc dich néu trén con dat dugc bang dung dich ma kim loai hodc
hop kim kim loai chira it nhit mot loai ion kim loai c6 thé khir dugc, khac biét & chd,
dung dich ma nay chtra it nhit mot hop chét pyridin nhu vay.

Céac muc dich néu trén con dat dugce bang phuong phap ling phu kim loai hodc

hop kim kim loai lén it nhat mot bé mét ciia nén chira cac bude:
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(1) chuan bi nén,
(11) cho bé mit cia nén nay tiép xic vdi dung dich nudc dung

dé ma kim loai hodc hgp kim kim loai theo sang ché, va

(1i1) tuy y, cho mdt dong dién chay gilra nén nay va it nhat mot

anot,

va nhd d6 ling phu kim loai hodc hop kim kim loai 1én it nhat mot phan

cuia bé mét nén nay.

Uu diém cua sang ché 13 co thé tao ra dugc 16p ling phu kim loai hodc hop kim
kim loai, t6t hon 1a 16p ling phi ddng, rit nhin va phing, ma khong 6 céc vét 16i

(dang k&) hodc vét 1om bt ky nao (xem vi du 1).

Uu diém tiép theo ctia sing ché 1 hop chét pyridin theo séng ché duoc st dung
trong dung dich ma ddng cho phép tao ra 16p ling phu ddng c6 rat it cac tap chit hitu co
(xem vi du 4). Piéu nay 1 dic biét mong mudn dbi véi cac tng dung ban dan vi né lam
cho céc hat ddng 16n hon ¢6 it 15 rdng hon, Nho d6 din dén kha nang dén dién t6t hon
cta 16p lang phu dong. Cac tap chit hitu co c6 thé, vi du, duoc dwa vao 16p lang phu
ddng tir cac chét phu gia hitu co hodc polyme dugc st dung trong dung dich ma dong
nhu chit san béng, dung moi, chit hoat dong bé mit/chat lam udt, chit lam sang va
chit mang. Thong thuong, chung dugc tim thay dudi dang cac hop chét hitu co hoic

polyme chira cac nguyén t§ cacbon, hydro, halogenua, luu huynh va oxy.

Uu diém tiép theo ctia sang ché 12 16p lang pht dong nay co rat it khuyét tat (nhu
cac khuyét tat SP2 va SP3) c6 thé thu dugc (xem vi du 3 va vi du so sanh 1). Diéu nay
14 cn thiét trong nganh cong nghiép béan dan vi s6 lwong khuyét tat cao c6 thé lamgiam

nidng suét clia san pham cudi cung.

Uu diém tiép theo clia sang ché 1a c6 thé thu duoc viée dién day dong mot cach
ddng déu va hoan toan cac chu tric 16m. Piéu nay con c6 lgi boi vi 16p ling phu dong
khong c6 céc 16 rong (xem vi du 2).

Uu diém tiép theo khéc cla sang ché 1a rit it xay ra cac phan tng phu trong quy
trinh diu ché hop chét pyridin, 1am cho viéc tdng hop tré nén dang tin cy va dé dang

v6i cac két qua c6 the lap lai.
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Mo ta van tat cac hinh vé

Fig.1 1a mat cit ngang phing thé hién nén cta l4t da dugc xu Iy bang dung dich
ma ddng theo séng ché (Vi du ung dung 2). Lép ling phi dong nay khong c6 céc 10

rong nén dap ung duge tiéu chudn cn thiét ciia nganh cong nghi€p ngay nay.

Mo ta chi tiét sang ché

Trong ban md ta nay, trix khi ¢c6 quy dinh cu thé, ty 1& phan tram la ty 1¢ phan
tram khéi lwong (% khdi lugng). Ning sudt duoc tinh theo ty 1& phan trim ning suét
theo ly thuyét. Trir khi c6 quy dinh cu thé, ndng dd dugce dua ra trong ban mo ta nay
duoc ding dé chi thé tich hodc khéi lugng ctia toan bd cac dung dich. Cac thudt ngir
“lang phu” va “ma” dugc sir dung thay thé nhau trong ban md ta nay. Ngoai ra, thuat

ngir “16p” va “1éng pht” cling dugc str dung thay thé nhau trong ban mo ta nay.

Thuét ngtt “alkyl” theo sang ché chtra cac nhom alkyl mach phan nhanh hodc
mach khong phan nhanh chtra cac nguyén td tao céu tric vong va/hoic khong vong,
trong d6 cac nguyén t tao cAu tric vong ctia cac nhom alkyl v& ban chét can it nhit ba
nguyén ttr cacbon. Thuét ngit “C1-CX-alkyl” trong ban m6 ta nay va trong yéu cAu bao
ho duoc dung dé chi cac nhém alkyl c6 1 dén X nguyén tir cacbon (X la s6 nguyén). Vi
du, C1-C8-alkyl chira cac nhom, khong ké cac nhom khéc, metyl, etyl, n-propyl, iso-
propyl, n-butyl, iso-butyl, sec-butyl, tert-butyl, n-pentyl, iso-pentyl, sec-pentyl, tert-
pentyl, neo-pentyl, hexyl, heptyl va octyl. V& mit Iy thuyét, cac nhoém alkyl duge thé c6
thé thu duogc bang cach thay thé it nhAt mot nguyén tir hydro bang nhém chirc. Trir khi
¢6 quy dinh cu thé, t6t hon 1a cac nhom alkyl duoc chon tir C1-C8-alkyl dugc thé hoic
khong dugc thé, t8t hon nira 13 dugc chon tir C1-C4-alkyl dugc thé hoac khong duogc
thé vi ching c6 do hoa tan trong nuGe tdt hon. “Alkenyl” 1a nhém alkyl khong bdo hoa
chira it nhit mot lién két olefin (lién két doi C-C). Céc uu tién néu trén vé cdc nhém

alkyl dugc 4p dung dbi v6i cac nhom alkenyl, v6i nhitng thay doi can thiét.

Thuét ngit “alkandiyl” 12 nhém twong Gmg c6 hai héa tri tu do (cac vi tri lién két).
Doi khi, trong linh vue k¥ thuat nay, né duocgoi la “alkylen”. Theo sang ché, cac gbc
néu trén chtra cc nguyén to tao ciu trac vong va/hoic khong vong va c6 thé 1a mach
thang va/hodc mach nhanh. Vi du, C1-C4-alkandiyl chira cac nhém, khong ké cac nhom
khac, metan-1,1-diyl, etan-1,2-diyl, etan-1,1-diyl, propan-1,3-diyl, propan-1,2-diyl,
propan-1,1-diyl, butan-1,4-diyl, butan-1,3-diyl, butan-1,2-diyl, butan-1,1-diyl, butan-
2,3-diyl. Hon thé nita, trong mdi truong hop cac nguyén tir hydro riéng 1€ lién két véi
hop chat alkandiyl c6 thé duoc thé bang nhom chirc nhu cdc nhém chic néu trén d6i

v6i nhom alkyl. Trir khi cé quy dinh cu thé, t8t hon 13, cac nhém alkandiyl dugc chon
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tir C1-C8-alkandiyl dugc thé hoic khong duoc thé, t6t hon nita 1a tir C1-C4-alkandiyl

duoc thé hoic khong duge thé vi ching c6 do hoa tan trong nudc cai thién.

Thuat ngtr “aryl” theo sang ché duoc dung dé chi cac gbc hydrocacbon thom c6
dang mach vong, vi du phenyl hodc naphtyl, trong d6 nguyén tir cacbon riéng 1¢ trén
mach vong c6 thé duoc thay thé b%lng N, O va/hoic S, vi du, benzothiazolyl. Tét hon 14,
khong mot nguyén tir cacbon nao dugc thé dé tranh cac phan tung phu khdong mong
mudn trong khi diéu ché hop chét pyridin. Hon thé nita, nhom aryl tiy y duoc thé bang
cach thay thé nguyén tir hydro trong mdi truong hop bang nhém chirc. Thuét ngir “C5-
CX-aryl” dugc ding dé chi nhém aryl ¢6 5 dén X nguyén tir cacbon (tuy ¥ dugc thay
thé bang N, O va/hogc S) trong nhém thom c6 dang mach vong (X vé ban chét 1a sb
nguyén). Trir khi c6 quy dinh cu thé, C5-C6-aryl 1a duge wu tién. “Arendiyl” 1a nhom
¢6 hoa tri hai twong Ung v6i aryl, vi du, phenylen. Cac uu ti€n néu trén d6i v6i nhom

aryl duge 4p dung ddi v6i cdc nhom arendiyl, v6i nhiing thay doi can thiét.

Thuét ngit "alkaryl" theo sang ché dugc dung dé chi cac nhém hydrocacbon
chira it nhAt mot nhom aryl va it nhdt mot nhom alkyl nhu benzyl va p-tolyl. Lién két
cua nhém alkaryl nhu vay voi cac gbc khac c6 thé xay ra thong qua nhom alkyl hodc
aryl cia nhom alkaryl. C4c uu tién né€u trén dbi v4i nhom alkyl va aryl duge ap dung

dbi v6i nhém alkaryl, voi nhitng thay doi can thiét.

Trir khi ¢6 quy dinh cu thé, cac nhém néu trén duoc thé hoic khong duoc thé.
Tét hon, cac phan tir thé 1 cac nhém chirc dugce chon tir nhom bao gdm hydroxyl (-

OH) va cacboxyl (-CO,H) dé cai thién do hoa tan trong nudc clia cac chét phu gia x1r 1y.

Néu nhiéu hon métgéc duoc chon tir nhém néu trén, mSigéc duoc chon ddc lap
v61 nhau, trir khi cé quy dinh cu thé duoi day, co nghia la chung c6 thé duogc chon 1a
céc thanh viéngiéng hodc khac véi cac thanh vién trong nhom néu trén. Trong mot s6
cong thirc hod hoc, cac vi tri lién két dugc thé hién bang dudng lugn soéng (““~w ) nhu

thong 18 da biét trong linh vuc nay.
Hop chit pyridin

T6t hon 13, méigéc R, R?, R® va R® doc lap dugc chon tir C1-C8-alkandiyl
v -(CH,)-[CH(R®)-CH,-O]4-(CH,).-, trong d6 c 1a s6 nguyén nam trong khoang tir 2
dén 3; d 1a s6 nguyén nim trong khoang tir 1 dén 20; e 1a sb6 nguyén nam trong khoing
tr 2 dén 3; mdi R doc 1ap véi nhau duge chon tir nhém bao g@)m hydro, alkyl, aryl va
aralkyl. Tét hon nira, néu mdi R", R®, R® va R® doc lap dugc chon tur C1-C4-
alkandiyl va -(CHZ)C-[CH(RaG)-CHz-O]d—(CHz)e- trong d6 ¢ 1a sd nguyén nam trong
khoang tir 2 dén 3; d 1a s6 nguyén nam trong khoang tir 1 den 20; e 12 s6 nguyén nam

trong khodng tur 2 dén 3; mdi R doc 14p voi nhau duge chon tir nhém bao gém hydro,
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C1-C4-alkyl va phenyl. Tham chi con tét hon nita, néu mdi R*', R, R* va R™ doc 1ap
duoc chon tr nhom bao gém 1,1-metylen (-CH,-), 1,2-etylen (-CH,-CH,-), 1,3-
propylen (-CH,-CH,-CHy-), «(CH,),~O—~(CHy)y— va —(CH,),~O—~(CH),~O—~(CHz)o- daé
cai thién do hoa tan cia hop chét pyridin. T6t nhit néu, R, RZ, R® va R® 1a 1,1-
metylen (-CH,-) dé tao didu kién thuan lgi hon cho viée tdng hop hop chat pyridin.

Tét hon 13, mdi R* doc lap duoc chon tir nhém bao gdom C1-C8-alkandiyl,
arendiyl va -(CHy)r[CH(RY)-CH,-O],-(CH,);-, trong d6 f la sé nguyén ndm trong
khoang tir 0 dén 3;g 1a s6 nguyén nam trong khoang tir 1 dén 20; h 1a sb nguyén nam
trong khoang tir 1 dén 3; mdi R ddc 1ap voi nhau dugce chon tir nhom bao gém hydro,
C1-C8-alkyl, aryl va aralkyl. T4t hon nita, néu mdi R* doc 1ap duge chon tir 1,2-etylen
(-CH,-CH,-), 1,3-propylen (-CH,-CH,-CH,-), «(CH,),~O—~(CHy),—, -(CHy),~O—~(CHa),—
O—(CH,),— va -(CH,),~O—~(CH,),~O—~(CH,),~O—~(CHa)>—~

Tét hon 13, cac gbc R?! @n R® khong chira cac nguyén tir nito nhu cic nhém
amino. Didu nay nham dé tranh cac phan tng phu khong mong mudn cta cac hop chit
4i nhan dung dé tong hop hop chit pyridin. Pidu nay duoc ap dung dbi v6i R* néu né
c6 mat trong hop chét pyridin.

Néu Z c6 mit trong hop chét pyridin, tdt hon 1a né duoc chon tir nhom bao gém
—CH,- va O d tranh cac phan ung phu khong mong mudn xay ra trong khi diéu ché
hop chét pyridin. Tét hon 13, cc cac sb nguyén z va z’ ndm trong khoang tir 1 dén 3, t6t
hon nita 12 v6i didu kién tong ctia z va z° nam trong khoang tir 2 dén 4. Tham chi con
t6t hon nita néu cac sé nguyén z va z’ nam trong khoang tir 1 dén 2 trong khi tong ctia z
va z’ bang, 2 hodc 3.

Néu R*® va R® dugc chira trong hop chit pyridin, tdt hon 1a chiing duoc chon tur
nhém bao gdm C1-C8-alkyl va -CH,-CH,-(OCH,CH,),-OH trong d6 y la s6 nguyén
nam trong khoang tir 1 dén 4, t6t hon nira 1a chung dugc chon tir C1-C4-alkyl.

Tét hon 13, mdi Yl, Y2 va Y doc lap dugc chon tir nhém bao g@)m Ova N(Ralo),
trong do mbi R doc 1ap dugc chon tir nhém bao g%)m C1-C4-alkyl. T4t hon nira 12 Yl,
Y2vaYllao (oxy), do vay tao ra cac géc ure. Diéu nay la dugc uu tién do tranh duogc

cac phan Ung phu khi diéu ché hop chit pyridin (khong c6 thém tdm 4i nhén).

“/\‘
£ £ \ s K. s A . ¢—N A4 A 1A
Tét hon, néu X' va X* 14 gbc c6 cong thirc NS . Biéu nay tao diéu kién

thuén 1oi cho, khdng ké cdc viéc khdc, viée tong hop hop chét pyridin.
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v

_N®
% N\/ . Ral) Ra2, Ra3 Vé.

R® ¢6 thé duoc lién két véi cac goc pyridyl néu trén 6 vi tri ortho, meta hodc para cia

Hop chét pyridin chita mot hoac nhidugbc pyridyl:

n6 (d6i véi nguyén tir nito ¢6 trong vong pyridin). Tét hon 13, mdi lién két xuat hién &
vi tri meta hodc para (dbi véi nguyén ti nito' c6 trong vong pyridin), t6t hon nira 13 tat
c& cac lién két cia R*, R, R® va R® déu & vi tri para-(d6i v6i nguyén tir nito c6 trong
vong pyridin). Piéu nay 1a duogc uu tién vi dac tinh san bing ting cudng cla cac hgp
chét pyridin twong tng trong dung dich ma dong (xem vi du 1).

Tét hon 13, sb nguyén nam trong khoang tir 2 dén 20, tdt hon nira 12 ndm trong
khoang tu 3 dén 15 va tham chi con tét hon nita 1a nam trong khoang tir 4 dén 13. Pidu
nay 1a dugc wu tién vi déc tinh san bang ting cudng cua cac hop chat pyridin twong tmg
trong dung dich ma dong (xem vi du 1).

Tét hon 13, it nhat mdt A duge chon lam don vi ¢6 cong thirc (Al). Tét hon nita

néu tit ca A déu duoc chon 1am don vi c6 cong thic (Al).

Tét hon 13, it nhdt mot A duoc chon lam don vi ¢6 cong thue (Al-1) hodc (A1-2)

i Y1 7
— . )]\ ] —
)y e !
L J (Al-1)va
_ v -
— J\ —
Ra1_ N_ a2
¢ P@ lI:ll R \ ﬁ\ S
1 - (Al—2).

Do d6, tét hon 1a Y! dugc chon la O dé chi tao ra cac géc ure va tot hon nita néu
R va R? 1a metylen (-CH,-) dé d& tong hop.

T4t hon nita néu tit cad A déu dugc chon lam don vi ¢6 cong thitc (Al-1) hodc
(A1-2)

i g -
y a /U\ a T
§—-N@—R N ON-REZQ ONH
i ] (Al-1) va
i y -
= =
LSy e,
<t B (A1-2).

Tham chi con tét hon nita néu Y' duoc chon lam O dé chi tao ra cac géc ure.
Tham chi, con tot hon nita néu R va R* 1a metylen (-CH,-) dé d& tong hop. Diéu nay
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1a duge wu tién vi, khong ké cac dic tinh khac, ddc tinh san bang téng cuong cia cac

hop chit pyridin twong tmg trong dung dich ma dong (xem vi du 1).

Theo phuong an dugc uu tién hon cua sang ché, it nhit mot A 13, tham chi theo
phuong an dugc uu tién hon nita, tAt ca A déu duogc chon 12 mdt hodc nhiéu don vi ¢6
cong thuac (Al-1)

Y1
O

Theo phuong an nay, tot hon 13, Y! duoc chon lam O dé chi tao ra cac géc ure.

(Al-1).

Thém chi con tét hon nita néu R va R? 1a metylen (-CH,-) dé d& tbng hop. Diéu nay
1a duoc wu tién vi, khong ké cac dic tinh khac, déc tinh san bing ting cudng cla cac

hop chat pyridin twong ing trong dung dich ma ddng (xem vi du 1).
Tét hon 13, mdi D doc 1ap duoc chon tir nhom bao gdm

-CH,-CH(OH)-CH,-, -(CH,)-[CHR")-CH,-O0];-(CH,)- va -CH,-
CH(OH)-(CH,)-[CH(R®)-CH,-0],-(CH,),-CH(OH)-CH,-

trong do 1 1a s6 nguyén nam trong khoang tir 0 dén 3; j 1a s6 nguyén nim trong
khoang tir 1 dén 100; k 1a s& nguyén nam trong khoang tur 1 dén 3; mbi R doc lap véi
nhau duoc chon tir nhém bao gdm hydro, alkyl, aryl va aralkyl, t5t hon nira 12 n6 duge
chon tir hydro, C1-C4-alkyl va phenyl, tham chi con tot hon nita 1a né dugc chon tir
hydro va C1-C4-alkyl, tdt nhét néu né duge chon tir hydro va metyl; 11a s6 nguyén nam
trong khoang tur 1 dén 3; m 1a sb nguyén nam trong khoang tir 1 dén 100; n 1a sb
nguyén nam trong khoéng tir 1 dén 3; mdi R¥ doc 1ap voi nhau duge chon tir nhom bao
gb6m hydro, alkyl, aryl va aralkyl, tot hon nita 1a n6 duge chon tir hydro, C1-C4-alkyl va
phenyl, tham chi con tot hon nita 1a n6 duogc chon tir hydro va C1-C4-alkyl, tdt nhit néu
n6 dugce chon tir hydro va metyl.

Tét hon nita, néu mdi D 1a -(CH,)-[CH(R®")-CH,-0J;-(CH,)x-, trong d6 mdi i 1a
2 hodc 3; mbi j 1a s6 nguyén nam trong khoang tur 1 dén 20 hodc 25, mdi k 1a s6 nguyén
nam trong khoang tlr 2 dén 3 va mdi R doc 1ap duge chon tlr nhoém bao g6m hydro va

C1-C4-alkyl, tham chi con tdt hon nita 1a n6 dugc chon tir hydro va metyl.

Theo phuong 4n duoc uu tién hon, D dugc chon tir nhom bao gdm —CH,-CH,-
O-CH,-CH,-, -CH,-CH,-0-CH,-CH,-O-CH,-CH,- va —CH,-CH,-O-CH,-CH,-O-CH,-
CH,-O-CH,-CH,-.

Tbt hon 13, khéi luong phan t& trung binh khéi My cta hop chit pyridin ndm
trong khoang tir 250 dn 10000g/mol, tot hon nita 1a nam trong khoang tr 350 dén
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7500g/mol va tham chi con t6t hon nita 1a ndm trong khoang tir 500 dén 6000g/mol, tdt
nhat néu nam trong khoang tir 1500 dén 5000g/mol. Pidu nay 1a dugc wu tién vi dic
tinh san bang ting cudng trong dung dich ma ddng cua cac hop chét pyridin twong ting

(xem vi du 1).

Néu cac nhém amino bac ba bit ky (chira cac nguyén tir nito lién két trong vong
pyridin) c6 mat trong hop chat pyridin, ching tuy y dugc chuyén hoa thanh nhém
amoni bac bdn twong ung theo cac tinh chit mong mudn bang cach st dung cac hop
chit monohalogenua hitu co hodc monopseudohalogenua hiru co nhu benzyl clorua,
alkyl clorua nhu 1-clohexan hodc alyl clorua hodc bromua va mesylat tuong ung cua
ching, hoic biang cach st dung axit vo co thich hop, nhu axit clohydric, axit

bromhydric, axit iodohydric hodc axit sulfuric.

Tét hon 13, hop chat pyridin khong chira halogen lién két v6i hop chét hitu co
bat ky, nhugbe C—Cl duoc lién két cong hoa tri.

Tbng hop hop chét pyridin

Sang ché con dé cap dén phuong phap tdng hop hop chat pyridin. It nhat mot
nguyén liéu ban dau la hop chit c6 mot cong thirc trong sd cac cong thirc (M1) va M2)

sau:
M1
'/\_I_Rm1_N)J\N_RmZ_MZ
Ny A \
H H (M1) va
M3 m*
/\” m3 JJ\ m4 /U\ m5 5
T—R™-N N—R™*-N N—R™-M
Ny H H H H (M2)

trong do

mdi R™, R™, R™ va R™ doc lap dugc chon tir nhém bao gébm C1-C12-
alkandiyl va -(CH,),-[CHR™)-CH,-O]s-(CH,),- trong d6 o 1a s6 nguyén ndm trong
khoang tir 0 dén 3; B 1a s& nguyén nam trong khoang tir 1 dén 100; y 1a s6 nguyén nam
trong khoang tur 1 dén 3; mdi R™ doc 14p v6i nhau dugc chon tir nhém bao gbm hydro,
alkyl, aryl va aralkyl;

mdi R™ doc 1ap duge chon tir nhém bao gbm alkandiyl, arendiyl va -(CH,)s-
[CH(R™)-CH,-01¢-(CH,);-, trong d6 & 1a s6 nguyén nim trong khoang tir 0 dén 3; € 1a
s6 nguyén nim trong khoang tur 1 dén 100; ¢ 1a s6 nguyén nam trong khoang tir 1 dén

3; moi R™ doc 1ap v6i nhau dugce chon tir nhom bao gém hydro, alkyl, aryl va aralkyl;

-12-



35271

mdi M', M® va M* doc 1ap duoc chon tir nhém bao gdm O va N(R™?), trong d6

mdi R™° doc lap duge chon tir nhém bao gbm hydro, alkyl, aryl va aralkyl; va

mdi M? va M® doc 1ap dugc chon tir nhom bao gém

. /\h] /Rm8
mg HN/\_E % N[\,‘EZZC . E_N\
. va

N~ , \=N RM9

trong d6 Z duoc chon tir -CHy-, O, S; va O la s6 nguyén doc 1ap nam trong
khoang tir 2 dén 6, mdi R™ va R™ doc 1ap dugc chon tir nhém bao gbm hydro, alkyl,
aryl, aralkyl va -CH,-CH,-(OCH,CH,),-OH, trong d6 v 1a sb nguyén nam trong
khoang tir 1 dén 4

duogc cho phan ung

v6i mot hodc nhiéu hop chit trong s6 cac hop chét (B1) dén (B4) sau:

Ao (B1),

S

e (B2).
LG\(CH

Tbai/l\(
0

LG
2. o{CH)

« (B3)va

2
0 R? 0
0
feH; {cH;T
A v

trong do

(B4)

mdi LG doc 1ap duge chon tir nhém bao gﬁ")m triflat, nonaflat, alkylsulfonat,

arylsulfonat va halogenua;

7 12 s6 nguyén nam trong khoang tir 0 dén 3; ¢ 1a s6 nguyén nam trong khoang
tir 1 d@n 100; k 12 sb nguyén nam trong khoéng tur 1 dén 3; mdi R™ doc 1ap vé6i nhau
duoc chon tir nhém bao gdm hydro, alkyl, aryl va aralkyl; A 1a sd nguyén nam trong
khoéang tir 1 dén 3; u1a s6 nguyén nam trong khoang tur 1 dén 100; v 1a sé nguyén nam
trong khoang tur 1 dén 3; mdi R™ doc 14p v6i nhau duge chon tir nhom bao gém hydro,
alkyl, aryl va aralkyl.

Pé 1am nguyén liéu ban dau 1 hop chat c6 cac cong thiae (M1) va (M2) tao ra
cac don vi lan luot c6 cac cong thitc (A1) va (A2), hop chét theo phuong 4n dugc uu
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tién néu trén ddi v6i hop chét pyridin vé co ban duoc ap dung, voi nhitng thay doi can
thiét, d6i v6i nguyén licu ban du. Pidu nay c6 nghia 1a, vi du, hop chét theo céc
phuong 4n dugc wu tién dugc mo ta trén day d6i v6i Al tuong (g v6i nguyén liéu ban
dAu 12 hop chét c6 cac cong thirc M1 va v.v.. Diéu tuong tu ciing dugc ap dung vdi cdce
thay d6i thich hop d6i v6i cac hop chat (B1) dén (B4) ma tao ra cac don vi D ctia hop
chit pyridin.

Phan tng ciia mt hoac nhiéu nguyén liéu ban dau 12 hop chit c6 cong thirc
(M1) v6i (M2) va mét hodic nhidu hop chét (B1) dén (B4) thuong dugc tién hanh trong
dung méi, tot hon 1a trong dung méi phan cyc. Cac dung moéi thich hop 1a nudc, glycol,
axetonitril va rugu hodc hdén hop cta ching, nude dugc vu tién vi n6 khong lam anh
hudng dén moi truong. Nhiét do phan Gng thuong nam trong khoang tir 50 dén 100°C,
t6t hon 12 nam trong khoang tir 60 dén 90°C, tét hon nita 12 ndm trong khoang tir 75 dén
85°C. T4t hon 13, phan ung nay dugc dién ra lién tuc dén khi tt ca nguyén li¢u ban dau
duoc ti€u thy, co thé, vi du,duoc phét hién bing cach do do pH bang cach st dung thiét
bi cam bién d6 pH do do pH giam vi su chuyén héa ctia cac nguyén tir nito bazo trong
cac vong pyridin thanh cac gbc amoni bic bdn twong tng. Khi dd pH tré nén khong dbi
trong modt khoang thoi gian nhét dinh, vi du, it nhét 10 phut, phan tng nay dugc hoan
thanh va c6 thé két thac. Theo cach khac, phan ung nay dugc tién hanh trong thoi gian
tir 1 dén 120gid, tot hon 1a trong thoi gian tir 12 dén 100 giv, tot hon nita 1a trong thoi
gian tir 24 dén 84 gio.

Theo phuong an dugc uu ti€n cia sang ché, ty 18 mol ° <o cla lugng
nguyén liéu ban dau 13 hop chét c6 cong thirc (M1) va (M2) (c6 nghia 1a trong mdi
teong quan nay, tong luong cia tat ca nguyén liéu ban dau 14 hop chét co cong thic
(M1) va (M2) néu nhiéu hon mot hop chat dugc st dung) véi lugng cua cac hop chat
(B1) d&én (B4) (c6 nghia 1a trong mbi twong quan nay, tdng lwong cla tat ca cac hop
chét (B1) dén (B4) néu nhiéu hon mot hop chit dugc st dung) ma dugc st dung dé
didu ché hop chét pyridin nam trong khoang tir 1:1 dén 1,5:1, tét hon nita 12 ndm trong
khoang tir 1,04:1 dén 1,4:1, tham chi con tét hon nita néu nam trong khoang tur 1,05:1
dén 1,25:1. Diéu nay c6 nghia 13, t5t hon néu, ty 1¢ mol gitta A va D trong don vi tring
hop c6 cong thirc (I) cling nam trong cac khoang néu trén, tuc 1a t5t hon néu nam trong
khoang tur 1:1 dén 1,5:1, t8t hon nita 1a n6 nam trong khoang tir 1,04:1 dén 1,4:1, thim
chi con t6t hon nita 1a ndm trong khoang tir 1,05:1 dén 1,25:1.

Nguyén li¢u ban d4u ¢6 cong thie (M1) ¢6 thé duoc didu ché bang phan ting cua
hop chét 4i nhan pyridin alkylen thich hop va ure va/hodcguanidin (thich hop néu duoc

bao vé bing N, néu can). Tuong tu, nguyén liéu ban dAu 12 hop chét c6 cong thire (M2)
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¢6 thé thu dugc bang phan tng nay mic du sau khi lién két hai phan tr ctia ure
va/hodcguanidin (thich hop néu dugc bao vé bang N, néu can) v6i hop chat 4i nhan kép
thich hop (vi du o, -diclopolyete). Viéc sir dung cdc nhém bao vé thong thuong dé bao
vé mot nguyén tu trong sb cac nguyén tir nito ctia ure va/hodcguanidin (trong truong
hop nay la hai) co6 thé duoc st dung dé tranh cc phan Gng phu khong mong muén, cu
thé trong truong hopguanidin. Do d6, phan ing véi ure la duge vu tién vi nd dé hon so

v6i phan tmg véiguanidin vi khong cén cac nhém bao vé dé tranh cac phan img phu.

Hop chét pyridin c6 thé dugc st dung dudi dang thu dugc hodc dudi dang duge
tinh ché bing cac phuong phap tinh ché thong thudng nhu sdc ky, két tia hodic chung
cat tuy thudc vao céc tinh chét vat Iy ctia hop chét pyridin. Chuyéngia trong linh vuc k§
thuét nay co thé xac dinh dugc cac phuwong phap thich hop bang céc thir nghiém thong
thuong.

Lién két gitra nguyén liéu ban d4u 1a hop chit c6 céc cong thirc (M1) va/hodc
(M2) va cac hop chét (B1) dén (B4) xay ra thong qua mot trong sb cac nguyén tir nito
ctiagde pyridin trong nguyén liéu ban dau 12 hop chét c6 cac cong thire (M1) va/hodc
(M2) va/hoac néu c6 mit mot trong sb cic nguyén tir nito trong M?* va M. Tét hon 1a,

lién két nay xuat hién & cic nguyén tir nito ciagoc pyridin.

Theo phuong 4n khéc cia sang ché, ion halogenua dung lam céc ion tréi déu cia
hop chét pyridin mang dién dwong theo sing ché dugc thay thé sau khi didu ché hop
chét pyridin bang cac anion nhu hydroxit, sulfat, hydrosulfat, cacbonat, hydrocacbonat,
alkylsulfonat nhu metan sulfonat, alkarylsulfonat, arylsulfonat, alkylcacboxylat,
alkarylcacboxylat, arylcacboxylat, phosphat, hydrophosphat, dihydrophosphat, va
phosphonat. Vi dy, ion halogenua c6 thé dugc thay thé bang céach trao d6i ion trén nhya
trao déi ion thich hop. Nhua trao ddi ion thich hop nhét 14 nhya trao d6i ion bazo nhu
Amberlyst® A21. Sau d6, ion halogenua c6 thé duoc thay thé bang cach bd sung axit
vd co va/hoidc axit hitu co chira cac anion mong mudn vao nhua trao dbi ion nay. Viéc
lamgiau ion halogenua trong dung dich ma trong khi sir dung ¢ thé tranh dugc néu hop

chét pyridin chtra cdc anion khong phai la ion halogenua.

Theo mot phuong &n cua sang ché, hop chét pyridin chira don vi trung hop ¢6
céac cong thire (I1a) hodc (IIb) sau hoac hop chét nay c6 cong thic (Ilc) sau:

CGIA—D]-
~fA-DCG2

(I1a)

(IIb) va
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CG1+A—D-CG2
+ t (Ilc)

trong do6 hop chét pyridin chira mot hodc hai cac nhom cudi mach CG1 va/hoic

+A_D+; va

trong d6 nhom cudi mach CG1, ma duoc lién két voi don vi A, duge chon tir

CG2, ma dugc lién két véi don vi tring hop

nhom bao gdbm

OH
: Lo
hydro, alkyl, aralkyl, G'-, G*-D-, cac gbe Q\/%‘ va HO ,

trong d6 mdi G' doc 14p c6 cong thire sau: RP'-(CH,),-[CH(RP)-CH,-O]-(CH,)-
véi mdi RP! duge chon tir nhém bao gém C1-Cg-alkyl, C1-C8-alkenyl, aralkyl, aryl,
triflat, nonaflat, alkylsulfonat, arylsulfonat va halogenua, r 1a s6 nguyén nim trong
khoang tur 0 dén 3; s 1a s6 nguyén nam trong khoang tir 1 dén 100; t 1a s6 nguyén nim
trong khoang tir 1 dén 3 va mdi R"* doc lap v6i nhau dugce chon tir nhém bao gém
hydro, alkyl, aryl va aralkyl, G? 1a don vi dugc dai dién bing mot cong thire trong s6
cac cong thuc (M1) va M2);

va trong do

nhém cudi mach thtr hai CG2, ma duoc lién két v6i D, duge chon tir nhém bao

hydro, nhém hydroxyl (-OH), don vi ¢6 cong thac (M1) hodc (M2), E,
OH O
Hoy\/A\ $ LA AL $
va

trong d6 E duoc chon tir triflat, nonaflat, alkylsulfonat, arylsulfonat va

C1-C8-alkyl, aralkyl, aryl,

halogenua.
T4t hon 14, E duge chon tir triflat, nonaflat, alkylsulfonat va arylsulfonat.

T6t hon 13, RP! dugc chon tir nhém bao g@)m C1-C8-alkyl, C1-C8-alkenyl,
aralkyl va aryl.

S& t6t hon néu hop chat pyridin c¢6 cong thire (Ilc).

Tét hon 13, CG1 dugc chon tir C1-C4-alkyl, benzyl, G*-D-, R”'-[CH(R"*)-CH,-
O]s-(CH,),-, trong d6 s 1a s6 nguyén nam trong khoang tir 1 dén 20 (6t hon nira 1a nim
trong khoang tur 1 dén 3); t 1a s6 nguyén dugc chon nim trong khodng tir 2 va 3; mdi
RP? doc 1ap v6i nhau duge chon tir nhom bao gém hydro, C1-C4-alkyl va phenyl (duoc
wu tién hon 1a hydro va metyl, dugc uu ti€n nhét 13 hydro) va trong d6 mdi RP! doc lap
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dugc chon tir nhom bao gdm C1-C4-alkyl (dugc wu tién hon la metyl dé cai thién do
hoa tan trong nudc cia hop chét pyridin). Pac biét 1a, CG1 duoc chon la G?>-D- dé tao
didu kién thuan loi cho viéc tng hop hop chét pyridin.

Tét hon 13, CG2 1a don vi ¢6 cdng thuc (M1) hodc (M2).
Dung dich ma kim loai

Sang ché con dé cap dén dung dich ma kim loai hoc hop kim kim loai chira it
nhit mot loai ion kim loai c6 thé khir dugc va it nhit mot hop chit pyridin (duéi day
duocgoi 1a “dung dich ma”).

Trong ban md ta nay, ion kim loai co thé khtr dugc c6 nghia 1a cac ion kim loai
ma c6 thé duge ling phi dé tao ra 16p kim loai hodc 16p hop kim kim loai (trong cac
didu kién néu trén). Trong ban md ta nay, tot hon 12 ion kim loai c6 thé khir duge duge
chon tir nhém bao g@)m ion vang, ion thiéc, ion bac, ion kém, ion niken, ion coban, ion
paladi va ion ddng. Cac ngudn thich hop cla cac ion néu trén la cac mudi hoa tan trong
nudce va’hodc cac phirc chét hoa tan trong nudc cua cac kim loai néu trén. Ion kim loai
khong thé khir duoc chita, khdng ké cdc ion khdc, ion kim loai kiém va kiém tho ma

khong thé duoc khtr trong céc diéu kién thong thuong dugc ap dung.

Néu chi mdt loai ion kim loai c6 thé khtr duoc c6 mit trong dung dich ma theo
sang ché, thi chi kim loai nay s& dugc ling phii khi st dung dung dich ma nay. Néu hai
hodc nhidu loai ion kim loai c6 thé khir dugc ¢6 mit & d6, hop kim s& dugc lang pht.
Trong phuong phép theo sang ché, ciing c6 thé ling phit hop kim khi sir dung chét khir
nhit dinh ma s& tao ra 16p ling phu ddng thoi trén co s& phospho hodc bo nhu
hypophosphit hoic aminoboran véi mot hodc nhiéu loai ion kim loai ¢6 thé khir duoc.
Dung dich ma theo sang ché 1a thich hop dé ling phii cac kim loai hodc hop kim kim

loai ma c6 thé duge sir dung trong linh vuc dién tir va cong nghiép ban dan.

C6 thé hai hodc nhidu hop chét pyridin dugc st dung dudi dang hdn hop trong

dung dich ma.

Dung dich ma theo sang ché 12 dung dich nuéc. Thuét nglt “dung dich nuéc” cd
nghia 14 moi truong 16ng dang thinh hanh, ma la dung moéi trong dung dich, l1a nudc.
Céc chét 16ng tiép theo khéac, ma co thé tron 1an v6i nude, nhu rugu va cac chat 1ong
hitu co phan cuc khac co thé dugc bd sung.

Céc thanh phan khéc c6 thé duoc bd sung vao dung dich ma nay nhu chét didu
chinh do pH (axit, bazo, chét dém), chét tao phirc (con dugcgoi 1a chét chelat hod), chat
dn dinh, chat khir, chat lam w6t va cac chét tuong tu. C4c thanh phén nay va nong do
thich hgp cia chung la da biét trong linh vuc k¥ thuét nay.

-17-



35271

Dung dich ma theo sang ché c6 thé dugc didu ché bang cach hoa tan tat ca cac

thanh phan trong mdi trudng 16ng chira nude, t6t hon 14 trong nuéc.
Dung dich ma dong

Theo phuong an dugc uu ti€n cua sang ché, it nhat mot loai ion kim loai c6 thé
khir duoc 1 ion dong. Trong ban mo ta ndy, dung dich ma nhu vay s& duocgoi 1a “dung
dich ma déng”. Dung dich ma déng nay la dic biét thich hgp cho viéc ma dién d@)ng; do
véy tot hon 14 dung dich ma dong bang cach dién phan. Thong thudng, dung dich ma
ddng theo sang ché 1a thich hop cho viée dién ddy cac chu tric 16m va cic ung dung

mak kim loai kép.

Tét hon nita 13, 99 khoi lugng phén tram hodc hon cua tAt ca ion kim loai c6 thé
khtr duoc trong cac ion cia dung dich ma ddng theo sang ché 1a ion dong. Tham chi
con tot hon nita néu dung dich ma dong theo sang ché khong chira thém céc ion kim
loai c6 thé khtr duoc ngoai ion dong (khong xét dén lugng vét cia cac tap chét thuong
c6 mat trong cac nguyén liu tho c¢6 do tinh khiét ky thuét va thuong duogc st dung cadp
oxy héa-kht nhu F e>*/Fe**, tire 1o nhod hon 0,1% khéi luong cia cac ion kim loai ¢6 thé
khtr duoc tiép theo nhu vay lién quan dén cac ion déng). Piac biét 1a, dung dich ma
ddng khong chira cac ion kém duoc bd sung mot cach c6 chu y. Viéc ling phu dong
thoi kém va dong lamgiam dang ké kha nang din dién cia 16p ling phii dugc tao ra so
v6i ddng tinh khiét 1am cho 16p lang phi ddng thoi kém va dong khong thich hop dé sir
dung trong nganh cong nghi¢p dién tir. Hon thé, tdt hon 1a n6 khong chira cac ion thiée

vi cac ly do tuong ty dugc néu ra doi véi cac ion kém.

Hop chét pyridin theo sang ché ¢6 tac dung lam chit san bing trong dung dich
ma ddng theo sang ché. Chirc ning san bang va thuat ngir “chit san bing” c6 nghia nhur
sau: Bang cach st dung dung dich ma ddng theo sang ché va phuong phap theo séng
ché, c6 thé ling phu dong mot cach rat ddng déu vé mit cdu tric ma can dwoc dién ddy,
nhu céc chd hdm va cac hdc. cu thé, co thé dién dﬁy cac chd hom va cac hdc mot cach
hoan toan, giam mtc do ling phu ddéng trén bé mat so voi viée lang pha trong cic
hdc/cac chd hom, va dé tranh hoic it nhit lamgiam dén muc tbi thiéu cac 16 rong hodc
vét 16m bét ky. Didu nay dam bao rang mot bé mat ddng nhin, phang duge tao ra ma

thuc té khong c6 su bién dang.

Tét hon 13, ndng do cia it nhit mot hop chét pyridin theo sang ché trong dung
dich ma ddng theo sang ché nam trong khoang tir 0,01 mg/L dén 1000 mg/L, tot hon
nita 12 ndm trong khoang tir 0,1 mg/L dén 100 mg/L va tham chi con t6t hon nira 12 ndm
trong khoang tir 0,5 mg/L dén 50 mg/L va thdm chi con tbt hon nita 1a ndm trong

khoang tir 0,8 hodc 5 mg/L dén 20 mg/L. Néu nhiéu hon mot hop chét pyridin dugc sir
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dung, tot hon la tdng ndng do cua tit ca hop chét pyridin dugc st dung nam trong

khoang néu trén.

Tét hon 13, cac ion ddng duge chira trong dung dich nay bang cach st dung mot
hodc nhidu ngudn ion dong sau: dong sulfat, ddng alkyl sulfonat nhu dong metan
sulfonat, déng arylsulfonat nhu ddng p-toluen sulfonat va ddng phenyl sulfonat, dong
halogenua nhu déng clorua, ddng axetat, dong xitrat, ddng floborat, déng oxit, dong
cacbonat va hdn hgp cta céc ngudn néu trén. Tét hon nita 13, ddng sulfat, dong
alkylsulfonat hodc hdn hop cia céac ngudn néu trén dugc st dung dudi dang the ngudn
ion ddng. Nong do ion dong trong dung dich ma dong t6t hon 1a nam trong khodng tur
1g/L dén 70g/L.

T6t hon 13, dung dich ma déng con chira it nhat mét axit ma duoc chon tir nhom
bao gdm axit sulfuric, axit floboric, axit phosphoric va metan axit sulfonic va hon hop
ctia chung. Tt hon 13, axit ndy ¢6 mit trong dung dich ma ddng v6i nong do nim trong
khoang tir 1g/L dén 400g/L, tot hon nita la nam trong khoang tir 5g/L dén 250g/L.

Tét hon 13, dung dich ma déng c6 do pH <3, t6t hon nita 1a < 2, tham chi con tdt

honnttala <1,5.

Dung dich ma déng tuy y chira it nhAt mot chit phu gia Ia chit ting tdc-chat lam
sang ma da biét trong linh vuc k§ thuét nay. Tét hon 14, chét ting toc-chit lam sang
duoc chon tir nhém bao gdbm céc hop chét thiol-, sulfua-, disulfua- va polysulfua hiru co.
Chét phu gia chit tang téc-chat 1am sang dwgc uu tién hon duoc chon tir nhom bao gbm
axit 3-(benzthiazolyl-2-thio)-propylsulfonic, axit 3-mercaptopropan-1-sulfonic, axit
etylendithiodipropylsulfonic, bis-(p-sulfophenyl)-disulfua, bis-(w-sulfobutyl)-disulfua,
bis-(o-sulfohydroxypropyl)-disulfua, bis-(@-sulfopropyl)-disulfua, bis-(w-sulfopropyl)-
sulfua, metyl-(o-sulfopropyl)-disulfua, metyl-(o-sulfopropyl)-trisulfua, axit o-etyl-
dithiocacbonic-S-(@-sulfopropyl)-este, thioglycol-axit, axit thiophosphoric-O-etyl-bis-
(w-sulfopropyl)-este, axit 3-N,N-dimetylaminodithiocarbamoyl-1-propan sulfonic, axit
3,3 -thiobis(1-propansulfonic), axit thiophosphoric-tris-(m-sulfopropyl)-este va cac
mudi twong Gmg ctia chiing. Nbng do cua tat ca cic chit phu gia chét ting tdc-chat 1am
sang tuy y ¢6 mdt trong ché phim dung dich ddng nay tét hon 1a nam trong khoang tir
0,01 mg/L dén 100 mg/L, t6t hon nira 1a nam trong khoang tir 0,05 mg/L dén 50 mg/L.

Dung dich ma ddng tuy y chira thém it nhét mot chit phu gia 1a chét mang-chat
{rc ché ma da biét trong linh vuc k¥ thuat nay. Tét hon 13, thém it nhit mot chit phu gia
la chit mang-chit tc ché duoc chon tr nhém bao gdm polyvinylalcohol,
carboxymetylxenluloza, polyetylenglycol, polypropylenglycol, polyglycoleste cua axit

stearic, naphtoles alkoxylat héa, polyglycoleste clia axit oleic, stearylalcoholpo-
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lyglycolete, nonylphenolpolyglycolete, octanolpolyalkylenglycolete, octandiol-bis-
(polyalkylenglycolete),  poly(etylenglycol-ran-propylenglycol), poly(etylenglycol)-
block-poly(propylenglycol)-block-poly(etylenglycol), va poly(propylenglycol)-block-
poly(etylenglycol)-block-poly(propylenglycol). Tét hon nita 13, chit phu gia 1a chit
mang-chit tc ché tiy y dugc chon tr nhom bao gdbm polyetylenglycol, poly-
propylenglycol, poly(etylenglycol-ran-propylenglycol), poly(etylenglycol)-block-poly-
(propylenglycol)-block-poly(etylenglycol) va poly(propylenglycol)-block-poly(etylen-
glycol)-block-poly(propylenglycol). Nong do ctia chét phu gia Ia chit mang-chat trc ché
tuy y nay trong dung dich ma dong tét hon 12 ndm trong khoang tir 0,005g/L dén 20g/L,
tdt hon nira 1a ndm trong khoang tir tir 0,01g/L dén 5g/L.

Tuy y, ngoai hgp chét pyridin theo séng ché, dung dich ma ddng nay con chira
thém it nhit mot chat phu gia san bang, tét hon 12 dugc chon tir nhém bao gbm céc hop
chét hitu co chira nito nhu polyetylenimin, alkoxylat hoa polyetylenimin, alkoxylat hoa
lactam va cac polyme cuia ching, dietylentriamin va hexametylentetramin, peptit mang
polyetylenimin, axit amin mang polyetylenimin, peptit mang polyvinylalcohol, axit
amin mang polyvinylalcohol, mang peptit polyalkylenglycol, axit amin mang
polyalkylenglycol, pyrol mang aminoalkylen va pyridin mang aminoalkylen, cac thubc
nhudm hitu co nhu Janus xanh 14 cdy B, Bismarck nau Y va axit Tim 7, luu huynh chira
c4c axit amin nhu xystein, cac mudi phenazin va cic dan xuét cta ching. Cac polyme
ureyl thich hgp da duoc bdc 10 trong EP 2735627 Al, axit amin mang
polyalkylenglycol va peptit néu trén dugc cong bd trong EP 2113587 B9 va EP
2537962 A1 da cho biét pyrol va pyridin mang aminoalkylen 1a thich hop. Chét phu gia
san bang tiép theo dugc wu tién dugc chon tir hop chét pyridin hitu co chira nito. Tét
hon 13, chét phu gia san bang tly ¥ ndy c6 mit trong dung dich ma ddng v6i lugng nam
trong khoang tir 0,1 mg/L dén 100 mg/L.

Dung dich ma ddng tuy y con chira it nhit mot ngudn ion halogenua, t6t hon 1a
ion clorua, v6i lugng nam trong khoang tir 20 mg/L dén 200 mg/L, t6t hon nita 1a nam
trong khoang tir 30 mg/L dén 60 mg/L. Céc ngudn thich hop d6i v6i ion halogenua, vi

du, axit clohydric hodc halogenua kiém nhu natri clorua.

Tuy y, dung dich ma dong chua it nhéit mot chat lam uét. Trong linh vuc k¥
thuat nay, cac chét 1am u6t nay con duocgoi la cac chét hoat dong bé mit. [t nhat mot
chét 1am w6t c6 thé duge chon tir nhém bao gbm cac chét hoat dong bé mit khong ion,
cation, anion va/hodc ludng tinh va dugc sit dung véi ndng d6 nam trong khoang tur
0,01 dén 5% khéi luong.
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N , 5 r A - r 5 , e +/3+
Theo mot phuong 4n cua sang ché, cap oxy hoéa-khir, nhu cac ion Fe*'"

cO mat
trong dung dich ma déng. Ciap oxy hoa-khir nhu vy dac biét 1a hitu ich, néu viéc ma
xung nguoc dugce sit dung két hop véi anot tro dé lang phii dong. Vi duy, céc quy trinh
ma dong thich hop st dung c@p oxy héa-khir két hop vé6i viéc ma xung ngugc va anot
tro da dugc boc 10 trong US 5,976,341 va US 6,099,711. Dung dich ma déng nay la dac

biét thich hop dé ling phu dién phan dong.

Theo mot phuong an cua sang ché, dung dich ma ddng co ndng do thip dugc sir
dung. Dung dich ma ddng co noéng do thip nay chira ion dong vé6i luong ndm trong
khoang tir 1 dén 10g/L, t6t hon 12 ndm trong khoang tir 2 dén 8g/L, va axit v6i ndng do
nam trong khoang tir 2 dén 15g/L, t6t hon 14 nam trong khoang tir 5 dén 10g/L. Pidu
nay lam ting sy qué dién ap cia dung dich nay, lam cho viéc léng phu d& kiém soat hon,

do vay cho phép co thé dién day céc cAu tric 16m dé hon.

Theo phuong an khac cua sang ché, dung dich ma dong c6 ndéng do cao dugc st
dung. Dung dich ma ddng co ndng dd cao nay chira ion dong véi noéng do nim trong
khoéng tir 10 dén 70g/L, t6t hon 12 nim trong khoang tir 20 dén 50g/L, va axit v6i noéng
d6 nam trong khoang tir 10 dén 400g/L, t6t hon 1a nam trong khoang tir 50 dén 200g/L.
Diéu nay lam tang kha nang dan dién cua dung dich nay, din dén viéc phii dong nhanh

hon.
Phuong phap theo sang ché

Tt hon 13, cac bude nay duogc tién hanh theo trinh ty néu trén, nhung khong
nhét thiét theo trinh tu nay. Buée (ii) va bude tiy ¥ (jii) c6 thé duge tién hanh dong thoi,
sau d6 hoic budc (ii) duoc tién hanh, tiép d6 1a bude tiy ¥ (iii) trong khi budc (ii)
duoc dién ra lién tuc. S& tdt hon néu phuong phép theo sang ché chia bude tuy y (iii),
do vay khién cho viéc ling phui kim loai tao ra 16p ling phti kim loai dién phan. Phuong
phép tuy ¥ con chira cac bude dgiita nhu cdc bude rira, lam kho hoac Xt Iy so by ma da

biét trong linh vuc k¥ thuét nay.

Nén bét ky c6 thé dugc st dung trong phuong phap theo sang ché. Cac nén
thong thuong 1a cac nén dan dién va nén ban din. Nén dan dién 12 nén kim loai chira
cac 16p hat kim loai (vi du paladi dugc két lng trén nén khong dan dién thong thuong
nhu chit déo d& 1am cho né dé tiép nhan viéc ma kim loai); vi du, nén ban din 1a nén
silic va thuy tinh. Nén nay c6 it nhit mdt bé mat thich hop can duge xir Iy bing dung
dich ma theo sang ché. Cac nén dugc tao ra trong toan bd vat liéu cua chiing dugc liét
ké trén day hodc chung chi chira mot hoac nhiéu bé mat duoc lam béng vat liéu dugc
liét ké trén day. Trong pham vi cua sang ché, ciing co thé xtr 1y nhiéu hon mot bé mit

mot cach dong thoi hodc lan luot.
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Tét hon 13, nén duge chon tir nhém bao gém bang mach in, nén IC, phén tr
mang mach, b phan két néi, lat ban din va nén thuy tinh. Pugc wu tién hon 1a nén
thudc nhom néu trén c6 mot hoac nhidu cu tric 16m nhu ranh, vi 16 kin, 16 thong silic
va 15 thong thuy tinh. Tét hon 1a, kim loai hodc hop kim kim loai, dong hodc cac hop

kim dong, sau d6 dugc két lang trong céac cau trac 16m.

Dung dich ma theo sang ché duogc 1am viéc & nhiét do nam trong khoang tir 10
dén 100°C trong thoi gian bét ky du dé lang pha 16p lang phti c6 do day mong mudn.
Nhiét do va thoi gian thich hop ¢o6 thé dugc xac dinh béi chuyéngia trong linh vuc k¥
thuat nay bang céac thir nghiém thong thuong.

Dung dich ma c6 thé dugc st dung trong thiét bi ma kiéu théng ding hodc nam
ngang thong thuong. Theo cach khac, thiét bi ma phun c6 thé duge sir dung. Nén hoic
it nhat mot phan cta bé mit c6 thé duge tiép xac v6i dung dich ma theo sang ché bang
cach phun, lau, nhing, ngdm hodc bang cac phuong phép thich hop khac. Nho do, thu
duoc 16p ling ph kim loai hodc hop kim kim loai, t6t hon 1a 16p ling phi dong hodc

hop kim dong, trén it nhat ciia mot phan ciia bé mat cta nén.

Tbt hon 1a lic dung dich ma hodc nén trong qua trinh ma, firc la viéc léng phu
kim loai hodc hop kim kim loai. Viéc l4c ¢6 thé 1a dat dugce, vi du, béng chuyén dong
co hoc cia dung dich ma nhu lic, quay, khudy; béng cach chuyén dong co hoc cia nén
trong dung dich ma nhu quay n6 hodc bang cach lién tuc bom chét 16ng hodc bing cach
xtr ly siéu 4m, nhiét d9 cao hodc khi cép (nhu phun khéng khi hodc khi tro nhu khi

argon hodc nito vao dung dich ma).

Tuy vy, it nhit mot nén dugc cho trai qua mot hodc nhiéu budc xir ly so bo. Cac
budce xir 1y so bo la da biét trong linh vuc k§ thuét nay. Vi dy, cac bude xir 1y so bd ¢o
thé 1a cac budc lam sach, cac bude (vi) kh#c an mon va sy hoat hoa cac bude. Cac bude
lam sach thong thuong st dung nude cac dung dich chira mét hodc cac chéat hoat dong
bé mit va duoc st dung dé loai bo cac chatgdy 6 nhiém, vi du tir it nhit mot bé mat cua
nén ma lam anh hudéng dén viéc ling phii ma kim loai. Cac budc (vi) khic &n mon
thuong stt dung dung dich axit, tuy y chira mot hodc cac chit oxy hoéa nhu hydro
peroxit, dé lam tang dién tich bé mat cta it nhit mot bé& mit cua nén. Céac bude hoat héa
thuong can dén viée ling phu chat xuc tac kim loai, thong thuong nhét 13 paladi, trén it
nhét mot bé mit ciia it nhit mot nén dé 1am cho it nhit mot bé mat néu trén dé tiép nhan
viéc ling phu kim loai hon. Déi khi, bude hoat héa dugc thyc hién trude budc nhing
trude hoic duge thuc hién sau budc nhing sau, ca hai bude nay déu da biét trong linh

vuc k¥ thuat nay.
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Tét hon 13, dung dich ma ddng dugc vu tién duge hoat dong trong phuong phap
theo sang ché & nhiét do nam trong khoang tir 15°C dén 50°C, t6t hon nita 1a & nhiét do
nam trong khoang tir 20°C dén 40°C bang cach tac dong mot dong dién lén nén va it
nhit mot anot. Tét hon 13, mat dd dong dién catot nam trong khoang tur 0,05 A/dm? dén
12 A/dm?, t6t hon nita 12 ndm trong khoang tir 0,1 A/dm? d@én 7 A/dm?* dugc ap dung.

Theo mot phuong 4n cua sang ché ma dic biét thich hop néu dung dich ma dong
¢6 ndng do thip duge st dung trong phwong phap theo séang ché 1a nhu sau: trudc tién,
mat do dong dién thép (vi du 0,5 dén 5 mA/cmz) dugc st dung, vi du dé dién dﬁy cac
cAu trac 16m, tiép d6 1a mot hoac nhiéu cac budc mat dd dong dién cao, trong do mdi
budc nay c6 mat do dong dién cao hon so v6i mét do dong dién cua budc mat do dong
dién thap thir nhat ma 14 hiru ich dbi voi giai doan qué tai (cling xem phuong phap da
duoc bdc 10 trong tai liéu US 2014/209476 Al, cu thé cac doan 69-74 va Fig.7 cua tai
liéu nay). Vi duy, t6t hon 12 mat do dong dién trong mdt hoac nhiéu cac budc mat do
dong dién cao nim trong khoang tir 10 dén 20 hodc 30 mA/cm”. Tuy ¥, budc mat do
dong dién thép duoc thuc hién truéc bude vao nong ma sit dung mat do dong dién cao

trong thoi gian rat ngan, vi du tir 15 dén 20 mA/cm? trong thoi gian tir 0,05 dén 1gidy.

Néu budc tuy v (iii) duge chtra trong phuong phép theo sdng ché, dung dich ma
theo sang ché dung dich ma c6 thé duoc sir dung dé ma DC va ma xung (ngugc). Ca
anot tro 1an anot tan c6 thé dugc st dung khi léng phu kim loai hodc hop kim kim loai

tir dung dich ma theo sang ché.

Uu diém cta sang ché 1a & chd dung dich ma ddng cho phép dién diy cac cu
trac 16m mot cach dong déu va 16p lang phil nay khong co cac 16 rdng va vét 1om.
Trong ban mo ta nay, viéc dién day ddng déu c6 nghia la cac c4u trac 16m khéc nhau c6
ty s6 kich thudc khac nhau nhu ranh néi chung ¢ ty sb kich thudc < 1 va néi chung ¢6
ty s6 kich thuéc > 1 ¢6 thé duoc dién diy trong mot budc, dan dén su phan bd 16p

tuong tu trong cac c4u tric 16m khéc nhau ndy c6 ty s6 kich thudce khéac nhau.

Uu diém tiép theo cua sang ché 12 & chd dung dich ma dong cho phép thu dugc
cac két qua tao vét 181 tdi wu. Tao vét 16i 6 nghia 14 16p ling phu ddng phang c6 thé thu

dugc ma khong c6 cac vét 1dm cling nhu cac vet 16i bat ky.

Tét hon 13, déng tinh khiét duoc ling phi (khong tinh lugng vét bat ky clia cac
tap chat thudong c6 mat trong cac nguyén liéu tho c6 do tinh khiét k¢ thuat). Png tinh
khiét 13 dic biét 1a hitu ich trong cong nghiép bén dan do kha ning dan dién cao ctia no.
Trong ban mo ta nay, ddng tinh khiét s& duoc hidu 12 ham luong ddng t6i thiéu 1a 95%
khéi luong tinh theo toan b ham lugng kim loai cia 16p ling phu dugc tao ra, t6t hon
14 98% khbi luong, tot hon nita 1a 1a 99,0% khdi lugng, tot nhat 1a 99,90% khoi luong.
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Theo phuong an dugc uu tién hon, 16p ling phu dugc tao ra chua it nhit 95% khoi
lwong ddng, tét hon 1a it nht 99% khéi lugng dong, tt hon nita la it nhat 99,9% khoi
lwong dong.

C6 loi néu va tét hon 13 viéc st dung dung dich ma ddng theo sang ché va
phuong phép theo sang ché cho phép 16p ling phu ddng duoc tao ra ma chua it hon
1000 mg céc tap chét hitu co trong mot kilogam 16p ling phu dong, c6 lgi hon néu va
t6t hon nita 13, it hon 800 mg cac tap chét hitu co trong mot kilogam 16p ling phu dong,
¢6 lgi hon nita néu va tham chi con t6t hon nita néu nhd hon 600 mg céc tap chit hitu
co trong mot kilogam 16p ling phu ddng, tham chi con t6t hon nira néu it hon 200 mg
cac tap chét hitu co trong mot kilogam 16p ling phu dong va t6t nht 13, it hon 100 mg
c4c tap chit hitu co trong mdt kilogam 16p ling phu dong.

Ung dung ctia séng ché

Ngoai ra, sang ché con mé ta viéc st dung it nhit mot hop chét pyridin trong
dung dich ma kim loai hogc hop kim kim loai, dac biét 1a lam chét san béng trong dung
dich ma ddng. Cac phwong 4n dugc uu tién néu trén ap dung dbi véi phuong 4n nay,

vOi nhitng thay doi can thiét.

Sang ché s& duoc minh hoa bang cach vién dan dén cic vi du khong lamgidi han

pham vi clia sang ché dudi day.

Vi du thye hién sang ché

Trir khi ¢6 quy dinh cu thé dudi day, cac san phém thuong mai dugc st dung

nhu duge mo ta trong phan linh vuc k¥ thuét dugce dé cap sin c6 vao ngdy ndp don nay.

Trir khi ¢6 quy dinh cu thé, phd "H-NMR dugcghi lai bude song 400 MHz vé6i
d6 1éch phé 4300 Hz, do rong quét 9542 Hz & nhiét 4 25°C (kinh quang pho NMR do
Bruker Corp. cung cép). Dung mdi duge st dung 1a d®-DMSO .

Khéi luong phan tir trung binh khéi My cta hop chét pyridin dwoc xac dinh
bing phuong phép cach béi séc ky thAmgel (GPC) bang cach sir dung thict bi GPC sau
va cac diéu kién: SECurity GPC Hé PSS, bom: Agilent 1260, cot: PL Aquagel OH
30+40, 40 °C, Dung moi riragiai A: 60 % thé tich 0,3 mol/L v¢i axit formic trong dung
dich nudc metanol 40% thé tich, tbc d6 chay: 1 mL/ phut, bd do RI 40°C, time: 30 phut,
thé tich tiém: 50 microlit, hiéu chudn: PVP=Poly-(2vinylpyridin), hi¢u chuén: 800-
256000) chuén PPS, hé thong dit liéu: WIN GPC V38.0.
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Kinh hién vi dién tir quét chum ion tap trung (FIB-SEM) duoc sir dung 1a FEI
Helios Nanolab 450S. Viéc phan nhé chum ion tdp trung dugc st dung dé tao ra mat
c4t ngang chit lwong cao va kinh hién vi dién tir quét c6 do phan giai cao dugc st dung
dé hién anh (tan xa nguoe, do phong dai, vi du bang 50.000). D day cta 16p ling phu
thu dugc bang cach sir dung phuong phép nay.

Theo cach khéc, do day cua 16p ling phit duge do ¢ 10 vi tri cia mdi nén va
duoc st dung dé xac dinh do day l6p bing XRF bing cich st dung Dung cu XRF
Fischerscope XDV-SDD (Helmut Fischer GmbH, Germany). Bing cachgia dinh a chu
trac 16p cua 16p lang pht, do day 16p co thé dugc tinh toan tir dit liéu XRF nhu viy.
Quang phd ké khdi lwgng ion thir cAp tir tinh (MS-SIMS) do Cameca SAS cung cip
duoc st dung, ddy 1a mot dang ciia Dynamic-SIMS (D-SIMS). Chum ion dwgc xesi
(Cs") duoc dung dé phan tich cac tap chét phi kim loai chira cacbon, luu huynh, oxy va

clo. D& hiéu chinh hé nay, mot tiéu chuan dugc tao ra bang cach cay ion dugce st dung.

Kinh hién vi dong tiéu quét laze ctia hang Olympus (Olympus Lext OLS4100)

duogc str dung dé xac dinh sy phu hgp & mirc cao cia cac mau d3 dugc ma.

Nong dd cia hop chét pyridin trong tht ca cac vi du img dung déu dua vao chinh
cac hop chat pyridin, ma khong dua vao cac dung dich thu duge boi cac phuong phap
tbng hop duoc néu dudi day .

Didu ché hop chét 1,3-bis(pyridin-4-ylmetyl)ure (nguyén liéu ban dau 1a hop
chét c6 cong thirc (M1))

Thiét bi phan tmg thuy tinh dung tich 100ml dugc trang bi thanh khudy ti, thiét
bi ngung tu, nhiét ké va mdy suc khi dugc nap 12,52g ure va 46,00g 4-
(aminometyl)pyridin ¢ nhiét do trong phong. Hon hop phan rng nay dugc dun néng
dén nhiét @6 120°C trong thoi gian 10 phut, din dén viéc tao ra mot luong nhod
amoniac. Sau d6, nhiét d6 ciia hdn hop phén tng nay dugc ting dan 1én dén 160°C (19
git & nhiét d6 130°C, 3 giv & nhiét o 140°C, 2 gio & nhi¢t do 150°C, 19 gio ¢ nhiét do
160 °C). Sau khi hoan thanh phéan Ung, hdn hgp phan ng nay dwgc lam ngudi dén
nhiét do 60°C va giit & nhiét do ndy trong thoi gian 4 gio trude khi lam ngudi no dén
nhiét o trong phong. Sau do6, 60ml etyl axetat dugc bd sung vao, huyén phii thu duge
dugc khudy trong thoi gian 24 gio & nhiét do 75°C. Sau khi lam lanh dén nhiét d¢ trong
phong, chét ran duge loc, duoc rira ba 14n, mdi 1an béng 50 ml etyl axetat va dugc lam
khd trong chin khong. Thu dugc 48,81g (hiéu sut 97,6%) chét rdn mau tring trong
sudt. '"H-NMR (DMSO): & = 4,26 (4H), 6,75 (2H), 7,25 (4H), 8,49 (4H).
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Pidu ché hop chit 1,3-bis(pyridin-3-ylmetyl)ure (nguyén liéu ban dau 1a hop
chét c6 cong thie (M1))

Phuong phép diéu ché néu trén dugc lap lai v6i 12,52g ure va 45,10g 3-
(aminometyl)pyridin. Thu duoc 47,21g (hi¢u suét 94,4%) chét rAn mau tring trong sudt.
'TH-NMR (DMSO): 6 = 4,26 (4H), 6,62 (2H), 7,35 (2H), 7,65 (2H), 8,45 (4H).

Pidu ché hop chit 1,3-bis(pyridin-2-ylmetyl)ure (nguyén liéu ban dau 1a hop
chét c6 cong thire (M1))

Phuong phap diéu ché néu trén duoc lap lai véi 12,52g ure va 45,10g 2-
(aminometyl)pyridin. Thu dugc 47,82¢g (hi€u suét 95,6%) chét rin mau trang trong subt.
'H-NMR (DMSO): 6 = 4,31 (4H), 6,72 (2H), 7,25 (4H), 7,75 (2H), 8,50 (2H).

Diéu ché hop chat pyridin 1 (PC1)

Thiét bi phan tng thuy tinh dung tich 100ml dugc trang bi thanh khudy tir, thiét
bi ngung tu va by cam bién nhiét do dugc nap 12,67g 1,3-bis(pyridin-4-ylmetyl)ure
(nguyén li¢u ban dAu 1a hop chat c6 cong thirc (M1)) va 30g nudce trude viée dun nong
dén nhiét d6 80°C. Sau d6, 7,48g 1,2-bis(2-cloetoxy)etan (hop chit (B3)) duoc bo sung
tirng giot vao va hdn hgp thu dugc duge khudy trong thoi gian 26 gio trong khi theo doi
d6 pH. Khi phan tng ndy duoc hoan thanh nhu dugc chi ra béi tri s pH khong doi,
dung dich mau nau vang trong subt thu duge con duge pha lodng bing nudce dé tao ra

50g dung dich 40% khéi lwong chira hop chit pyridin 1 trong nudc.

M,, 4600g/mol, tinh da phan tan 3,7, "TH-NMR (D,0): 0 = 3,48 — 3,78 H (m;
17H), 3,91 — 4,10 (m; 13H), 4,35 — 4,46 (m; SH), 4,51 — 4,79 (m; 24H), 7,38 — 7,40 (m;
5H), 7,93 - 8,01 (m; 12H), 8,46 — 8,48 (m; SH), 8,71 — 8,80 (m; 12H).

Diéu ché hop chat pyridin 2 (PC2)

Thiét bi phan tmg thuy tinh dung tich 100ml duoc trang bi thanh khudy tir, thiét
bi ngung tu va bd cam bién nhiét do duoc nap 12,67g 1,3-bis(pyridin-3-ylmetyl)ure
(nguyén liéu ban dAu 12 hop chit c6 cong thirc (M1)) va 30g nude trude khi dun néng
dén nhiét 6 80°C. Sau dd, 7,48g 1,2-bis(2-cloetoxy)etan (hop chét (B3)) duoc bd sung
ting giot vao va hdn hop thu duge duoc khudy trong thoi gian 55 gid trong khi theo doi
d6 pH. Khi phén (mg nay dugc hoan thanh nhu duge chi ra boi tri s6 pH khong ddi,
dung dich mau vang trong subt thu duge con duoc pha loang bing nudc dé tao ra 50g

dung dich 40% khéi luong chira hop chét pyridin 2 trong nudc.
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M,, 2300g/mol, tinh da phan tan 2,3, 'TH-NMR (D,0): § = 3,50 — 3,78 (m; 14H),
3,88 — 4,10 (m; 12H), 4,33 — 4,41 (m; 4H), 4,49 — 4,58 (m; 12H), 4,37 — 4,54 (m; 2H),
7.74 — 7,83 (m; 2H), 7,96 — 8,10 (m; 6H), 8,39 — 8,57 (m; 10H), 8,65 — 8,78 (m; 13H)

Diéu ché hop chit pyridin 3 (PC3)

Thiét bi phan (mg thuy tinh dung tich 100ml dugc trang bi thanh khudy tir, thiét
bi ngung tu va by cam bién nhiét do dugc nap 12,67g 1,3-bis(pyridin-2-ylmetyl)ure
(nguyén lidu ban dau 13 hop chét c6 cong thire (M1)) va 30g nude trude khi dun néng
dén nhiét do 80°C. Sau d6, 7,48g 1,2-bis(2-cloetoxy)etan (hop chit (B3)) duge bd sung
tirng giot vao va hon hgp thu duge duge khudy trong thoi gian 78 gid dé thu dugc chét
rin mau ndu vang sau khi dat dugc tri s6 pH khong dbi. Sau d6, san phim nay dugc hoa
tan trong nudc dé tao ra 50g dung dich 40% khéi luong chtra hop chét pyridin 3 trong

nudc.

M,, <880g/mol, 'H-NMR (D,0): & = 3,49 — 3,80 (m; 21H), 3,81 — 3,89 (m; 2H),
3,90 — 4,12 (m; 5H), 4,42- 4,52 (m; 9H), 4,63 — 4,79 (m; 3H), 4,82 — 4,95 (m; 7H), 7,30
7,54 (m; 10H), 7,81 — 8,15 (m; 10H), 8,40 — 8,89 (m; 10H).

Vi du ing dung 1: Kiém soat do dong déu (Pic tinh tao vét 151)

Dung dich chtra 5g/L ion Cu®" (dugc bd sung vao dudi dang dong sulfat), 10g/L
axit sulfuric, 50 mg/L ion clorua (duoc bd sung vao dudi dang axit clohydric), 4 mL/L
chét e ché Atomplate® va 4,3 mL/L chét ting tdc Atomplate® (c4 hai san pham nay
ddu 13 cia Atotech Deutschland GmbH) dugc sir dung. Hop chit pyridin nay dugc bd
sung dé lam chét san bang vao dung dich nay voi ndng d6 nhu duge dua ra trong bang

dudi ddy d tao ra cdc dung dich ma ddng riéng 18.

Nén 1a cac mau thtr nghiém c6 kich thuée x4p xi 20 mm x 25 mm dugc cit ra tir
14t mau thtr nghiém nut ¢6 kich thuge 300mm 32nm bang cach sir dung dién mdi k thap.
T4t ca cac dic diém 1a d6 sau 200nm. Cac dac diém dugc st dung dbi voi céac thir
nghiém nay c¢6 ty 1& dong/khong gian 1a 1:1 va c6 khoang cach 100 nm. Chéng rao
can/16p 16t/hat gdbm 3 nm TaN/3nm Ta/30 nm Cu bang cach sir dung cdc phuong phap
PVD tiéu chuin coéng nghiép trén dung cu AMAT Endura. Céc mau thir nghiém duoc
ma trong thiét bi ma mau thir nghiém véi quy md cbec mo, trong d6 nhi¢t do 1a 25°C, va
anét 1a dong tan dugc tach bing mang nafion tir budng catdt. Dang soéng bao gdm budc
vao, tiép d6 1a ba cac budc ma riéng biét. Bude vao st dung vao néng duge kiém soat
béng dién ap dé ph hop véi 16 mA/cm? danh nghia & tbc do 90 vong/phut trong thoi
gian 0,1 gidy. Buéc ma thu nhét 1a 4 mA/cm? & téc do 30 vong/pht trong thoi gian 24
gidy. Budc ma thu hai 1a ¢ 10 mA/cm? & toc dd 30 vong/phut trong thoi gian 14 gidy.
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Budc ma thtt ba 1a & 20 mA/ecm® & téc do 150 vong/phut trong thoi gian 40 gidy. Do
day cudi cia mang 1a khoang 400 nm.

Sau khi ma, mot vung g@)m tap hop cac vach 1:1 day didc c6 do dai 100nm co
chidu dai khoang 50pm va chiéu rong 100 um dugc chon d danh gia dac tinh tao vét
161 (trc 13, c6 mit cua vét 151 hodc vét 16m) va dugc phan tich béng kinh hién vi dong

tiéu. Céc két qua dugc tom t4t trong Bang 1.

Bang 1: Céc két qua tao vét 16i

# Nong d6 | PC1 PC2 PC3
[nm] [nm] [nm]

1 | Vi du so sanh 0mg/L | 590+20|590+20 |590+20

2 | Vi du theo sang ché | 1 mg/L. | 168 243 455

3| Vi du theo sang ché | 2 mg/L. | 121 36 350

4 | Vi du theo sang ché | 3,5 mg/L | 35 20 276

5| Vi du theo sang ché | Smg/L. | -2 -7 187

6 | Vi du theo sang ché | 10 mg/L | -21 114

Toan bd hop chat pyridin da cho thdy tac dung san bang duoc cai thién véi ndéng
do tang. B4t ngd, da phét hién ra rang tac dung san bang ctia PC1 va PC2 1a rd rang hon
nhidu so véi tac dung san bang ciia PC3. Do vy, dung dich ma ddng co thé dé dang thu
dugc ma khong tao ra cac vét 16i hodc cac vét 1om khong mong mudn khi lang pht

ddng 1én cac ciu tric 1om.
Vi du tng dung 2: Tinh ning dién day

Dung dich chira 5g/L ion Cu** (duge bd sung vao duéi dang ddng sulfat), 10g/L
axit sulfuric, 50 mg/L ion clorua (dugc bd sung vao dudi dang axit clohydric), 4 mL/L
chét tc ché Atomplate®, 4,3 mL/L chét tang téc Atomplate® (c& hai san pham cta
Atotech Deutschland GmbH) va 3,5 mL/L hop chét pyridin PC1 dugc st dung.

Nén 1a cac mau thir nghiém c¢6 kich thude x4p xi 20 mm x 25 mm dugc cét ra tir
14t mAu thir nghiém nut ¢o6 kich thude 300mm 32nm bang cach str dung dién moi k thap.
TAt ca cac dic diém 1a d6 sdu 200nm. Céc dic diém duoc st dung dbi véi cac thu
nghiém nay c6 ty 1& dong/khong gian la 1:1 va c¢6 khoang cach 48 nm. Chdng rao
can/16p 16t/hat gdbm 3 nm TaN/3nm Ta/30 nm Cu bing cach sit dung cdc phuong phap
PVD tiéu chuén cdng nghiép trén dung cu AMAT Endura. Céc mau thir nghiém duoc
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ma trong thiét bi ma mau thir nghiém véi quy mo cbc mo, trong d6 nhiét d6 1a 25°C, va
andt 1a ddng tan dugc tach biang mang nafion tir budng catot. Dang séng bao gbm bude

vao, tiép do 1a ba cac budc ma riéng biét.

Buédc vao st dung vao néng dugc kiém soat bang dién ap dé phu hop véi 16
mA/cm? danh nghia ¢ téc do 90 vong/phut trong thoi gian 0,1 gidy. Budc ma thtr nhét
12 4 mA/cm?® & tc d6 30 vong/phut trong thoi gian 24 gidy. Budc ma thir hai 1a ¢ 10
mA/cm? & toc dd 30 vong/phut trong thoi gian 14 gidy. Bude ma thir ba la ¢ 20 mA/cm®
& tbe dd 150 vong/phut trong thoi gian 40 gidy. Do day cudi ciia mang 13 khoang 400

nm.

Sau khi ma, mot vung gém tap hop céac vach 1:1 day déac c6 do dai 100nm co
chiéu dai khoang 50um va chiéu réong 100pum duge kidm tra bang cac hinh anh cit
ngang FIB-SEM. Diéu nay co thé thdy dwgc trén Fig.1 ma cho thiy mat cit ngang
phing ciia nén. Mit cit ngang nay dugc tao ra bang cach ct nén da dugc ma nay & mot
gbc nhét dinh dé 1am cho cac dudng ddng riéng 1¢ & cac do sau khac nhau co thé nhin
thdy duorc. Nén nay hoan toan dugc dién ddy va 16p ling phu ddng khong cé céac 16

rong.

Vi du img dung 3: Cac khuyét tat trong 16p ling phu dong (cac khuyét tat SP2 va
SP3)

Pé 1am nén, cac lat day 300mm khéng dugc tao mau hinh véi cac 16p dong déu
nhu sau dugc st dung. Lép dién moi 1a 100nm SiO, duge tao ra tir tetraetoxysilan.
Chédng rao can/lép 16t/hat gébm 4 nm TaN/2 nm Ta/45 nm Cu bang cach st dung cac
phuong phap PVD ti€u chudn cong nghiép trén dung cu AMAT Endura. Cac 1at nay
duoc ma trong dung cu ma Sabre® Extreme' ™ (LAM Research). Cac nén nay duoc cho
tiép xtic trong dung cu ma néu trén vdi dung dich ma ddng, mdi dung dich nay chira
5¢g/L ion Cu®" (dugc bd sung vao dudi dang ddng sulfat), 10g/L axit sulfuric, 50 mg/L
ion clorua (duoc bd sung vao dudi dang natri clorua), 4 mL/L chét trc ché Atomplate®,
4 mL/L chat ting tbc Atomplate® (cd hai san phidm nay déu la cua Atotech
Deutschland GmbH) va hop chét pyridin PC1 véi céc ndéng do nhu duge néu trong béang
duéi day, trong d6 nhiét 4o nay la 25°C. Dang song bao gdm budc vao, tiép do 1a ba
cac budc ma riéng biét. Budc vao st dung vao néng duogc kidm soat bing dién ap dé
phu hop vé1 16 mA/cm?® danh nghia & téc do 90 vong/phut trong thoi gian 0,1 gidy.
Budc ma tht nhit 1a 4 mA/cm”® & toc do 30 vong/phut trong thoi gian 24 gidy. Buéc ma
thr hai 12 & 10 mA/cm? & toc dd 30 vong/phut trong thoi gian 14 gidy. Bude ma thir ba
1a & 20 mA/cm? & toe do 150 vong/phut trong thoi gian 80 gidy. D9 day cudi ciia mang
la khoang 700 nm.
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Sau do6, cac nén nay véi 16p ling phu dong dugc tao ra trén do dugc phan tich
bang cach st dung ca KLA Tencor Surfscan SP2 1an KL A Tencor Surfscan SP3 (KLA
Tencor Corporation) dé dém cac khuyét tat duge tao ra trong 16p ling phu dong. Céc
két qua dugc tom tat trong Bang 2.

Bang 2: S6 lwong khuyét tat trong 16p ling phu dong phu thudc vao ndéng do ciia hop
chét pyridin trong dung dich ma dong.

Nong do caa PC1 | S& lugng S6 luong
it [mg/L] khuyét tat SP2 | khuyét tat SP3
1| Vi du so sanh 0 > 10,000 > 10,000
2 | Vi du theo sang ché | 2 34 88
3 | Vi du theo sang ché | 3,5 61 40
4 | Vi du theo sang ché | 5 12 47

Lé6p ling phi dong dugc tao ra v6i dung dich ma ddng theo sang ché chira hop
chét pyridin theo séng ché c6 rét it khuyét tat. It khuyét tat 1a diéu rAt mong mudn trong
nganh cong nghiép ban dan vi vi du nay tao diéu kién thuan l¢i cho viéc kiém tra bang

quang hoc 16p ling phi dong thu duge nhu vay va lam tang tbng nang sut.
Vi du so sanh 1: Khuyét tat trong 16p ling phii dong (cac khuyét tat SP2 va SP3)

Vi du tmg dung 3 dugc lap lai nhung thay vi hop chét pyridin theo sang ché, thi
hop chét polyetylenimin (My: 2000g/mol) dugc st dung véi nbéng do 2 mg/L. S6 luong
khuyét tat SP2 va SP3 1a hon 10.000 di vé6i ca hai phép do.

Do vy, sb khuyét tat trong 16p ling phu ddng co6 thé duogc giam dang ké khi str
dung hop chét pyridin theo sang ché 1am chét san bang trong dung dich ma dong.

Vi du tng dung 4: D¢ tinh khiét caa 16p ling phu dong

D& 1am nén, cac lat day 300mm khong duoc tao mau hinh véi cac 16p dong déu
nhu sau dugc st dung. Lép dién méi la 100nm SiO, duge tao ra tu tetraetoxysilan.
Chéng rao can/l6p 16t/hat gébm 4 nm TaN/2 nm Ta/45 nm Cu bang cach sit dung cac
phuong phap PVD ti€u chuén coéng nghiép trén dung cu AMAT Endura. Céc 1at nay
duoc ma trong dung cu ma Sabre® Extreme'™ (LAM Research). Céc nén nay duge cho
tiép xuc trong dung cy ma néu trén véi dung dich ma ddng, mdi dung dich nay chira
5¢g/L. ion Cu** (dugc bd sung vao dudi dang ddng sulfat), 10g/L axit sulfuric, 50 mg/L

ion clorua (duoc bd sung vao dudi dang natri clorua), 4 mL/L chét e ché Atomplate®,
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4 mL/L chit tang tbc Atomplate® (ca hai san pham cia Atotech Deutschland GmbH)
va cac chit phu gia véi cac ndéng d6 nhu dugc néu trong bang dudi day, trong d6 nhiét
do nay la 25°C. Dang song bao gdm budc vao, tiép d6 1a ba cac budc ma riéng biét.
Budc vao str dung vao nong dugc kiém soét bang dién ap dé phu hop véi 16 mA/cm”
danh nghia ¢ tdc d6 90 vong/phut trong thoi gian 0,1 gidy. Budc ma tha nhét 13 4
mA/cm? & toc d6 30 vong/phit trong thoi gian 24 gidy. Budc ma tha hai la ¢ 10
mA/cm?® & toe dd 30 vong/phut trong thdi gian 14 gidy. Bude ma thir ba 1a 6 20 mA/cm’
& tbe @6 150 vong/phut trong thoi gian 80 gidy. Do day cudi ciia mang 1a khoang 700
nm. Lép ling phu ddng duoc tao ra dugc phan tich bing phuong phép phd khéi ion thir
cip (SIMS). Céc két qua duoc dua ra trong Bang 3.

Bang 3: Cac gbc hitu co trong 16p ling phu dong.

Cacbon | Oxy Luu huynh | Clo
Céc chat phu gia [mg/kg] | [mg/kg] | [mg/kg] [mg/kg]
Khong c6 chit san bang' | 33,9 20,8 0,6 0,2
2 mg/L polyetylen imin' | 166,9 | 85,1 103,1 88,6
3,5 mg/L PC1° 2,31 3,15 0,18 0,15

'Vi du so sanh; 2 Vi du theo sang ché

Luong cacbon, luu huynh, clo va oxy c6 mdt trong 16p ling phu ddng duge do.
Cac nguyén tr nay cd ngudn gbc tlr cac tap chét hitu co hodc polyme c6 mait trong 16p
ling phui dong. C6 thé thiy rang 16p ling phu ddng duoc tao ra trong vi du so sanh déu
chira luong tap chat hitu co cao hon dang ké. Trai lai, hop chét pyridin theo sang ché
trong dung dich ma ddng cho phép rat it tap chat hitu co c6 mat trong 16p ling phu
dong.

Céac phuong an khéc cua sang ché s& tré nén d& hidu hon dbi v6i cac chuyéngia
trong linh vyuc k¥ thuét nay qua phan mo ta trén day hodc thuc té cua sang ché duoc boc
10 trong ban md ta nay. Diéu du dinh 12 ban md t4 va cac vi du thuc hién sang ché chi
duogc dung lam vi du minh hoa sang ché, voi pham vi dung cia sang ché duoc xac dinh

trong cac diém yéu cau bao ho kém theo day.
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YEU CAU BAO HOQ

1. Hop chét chira don vi trung hgp ¢6 cong thuc (1)
A—D
By @)

trong d6 mdi A 1a don vi ddc 14p duge chon tir don vi c6 cac cong thirc (Al) va
(A2) sau

- Y1
N K\ Ra1 JJ\N—RaZ'XJ’%
H H

Anns
|

(A1) va

[ Y2 Y3
g__(\ Ra3—NJ\N—Ra4—N/U\N—Ra5-X2L
H H H (A2)

trong do

mdi R*, R®, R® va R® doc lap duoc chon tir nhém bao gdm C1-C12-alkandiyl
Vi -(CH,)e-[CH(R™)-CH,-O]¢-(CH,),- trong d6 c 1a s6 nguyén ndm trong khoang tir
0 dén 3; d 12 s6 nguyén nim trong khoang tur 1 dén 100; e 1a s6 nguyén nim trong
khoang tir 1 dén 3; mdi R* doc 1ap v6i nhau duge chon tir nhém bao gdém hydro,
alkyl, aryl va aralkyl;

mdi R* doc 1ap dugc chon tir nhém bao gdbm alkandiyl, arendiyl va -(CHy)s
[CH(RY)-CH,-O],-(CH,);-, trong d6 f la s6 nguyén ndm trong khoang tir 0 dén 3;g
1a s6 nguyén nam trong khoang tur 1 dén 100; h 14 s6 nguyén nam trong khoang tir 1
dén 3; mbi R doc 1ap vai nhau dugce chon tir nhém bao gém hydro, alkyl, aryl va

aralkyl;

X 1 \ A A ~ r A , A
mbi X! va X* doc 1ap dugc chon tir nhém bao gdm cac goc sau;

“ " /\h]z Ree
E—'@g E_N\@Tg,é N'%Z va %—f:;

trong d6 Z dugc chon tir -CH,-, O, S; zvaz’ 1a s6 nguyén doc 1ap nam trong khoang
tir 1 dén 6, mdi R*® va R doc lap duge chon tir nhém bao gbm hydro, alkyl, aryl,
aralkyl va -CH,-CH,-(OCH,CH,),-OH trong do y la s6 nguyén nam trong khoang tir
1 dén 4;

mdi Y, Y? va Y® doc lap dugc chon tir nhém bao gdm O va N(R*?), trong d6 mdi
R doc 1ap dugc chon tir nhém bao gém hydro, alkyl, aryl va aralkyl;
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a 12 s6 nguyén nam trong khoang tir 1 dén 40; va
mdi D doc 1ap dugc chon tir nhém bao gdm

-CH,-CH(OH)-CH,-, -CH,-CH(SH)-CH,-, -(CH,)-[CH(R®)-CH,-OJ;-(CH, )~ va
-CH,-CH(OH)-(CH,)-[CH(R®)-CH,-O],-(CH,),-CH(OH)-CH,-

trong d6 i 1a sb nguyén nim trong khoang tir 0 dén 3; j 14 s nguyén nam trong
khoang tir 1 dén 100; k 1a s6 nguyén nam trong khoang tur 1 dén 3; méi R doc 1ap
v6i nhau dugc chon tir nhém bao gdm hydro, alkyl, aryl va aralkyl; I 1a s6 nguyén
nam trong khoang tir 1 dén 3; m 1a s6 nguyén nam trong khoang tir 1 dén 100; n 1a
s6 nguyén nam trong khoang tir 1 dén 3; mdi R doc 1ap véi nhau dugc chon tu
nhom bao gdm hydro, alkyl, aryl va aralkyl.
2. Hop chét theo diém 1, trong d6 mdi R*, R®, R® va R* doc lap duoc chon tir
nhom bao gém 1,1-metylen (-CH,-), 1,2-etylen (-CH,-CH,-), 1,3-propylen (-CH,-
CH,-CH,-), ~(CH,),~O—(CH,),— va «(CH,),~O—~(CH;),~O—(CHa)>—.

Al
3. Hop chit theo diém 1 hoic 2, trong d6 X' va X* 12 gbe §——N§/ %
4. Hop chét theo diém bét ky trong sb cac diém néu trén, trong do mdi D 12 nhém
-(CH,)-[CH(R®")-CH,-OJ;-(CHy);-, trong d6 mdi i la 2 hode 3; mdi j 1a s6 nguyén
nam trong khoang tir 1 dén 25, mdi k 12 s6 nguyén nam trong khoang tir 2 dén 3 va
mdi RY doc 1ap duoc chon tir nhém bao g6m hydro va C1-C4-alkyl.
5. Hop chét theo diém bat ky trong sb cac diém néu trén, trong d6 R*! dén R khong
chira cac nguyén tir nito.
6. Hop chit theo diém bét ky trong sb cac diém tir 3 dén 5, trong d6 it nhat mot A
duoc chon 1am don vi ¢6 cong thire (A1-1) hodc (Al-2)

Y1
— ) JL e
i ] (Al-1) va
Y! ]
— J\ —
Ra1__ __pa2
Ly e,
<t > (A1-2).

7. Hop chét theo diém 6, trong do tAt ca A déu duogc chon 1am don vi c6 cong thitc
(A1-1) hoac (A1-2)
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Y1
— /U\ —
L (Al-1) va
Y! 1
— J]\ —
al__ __pa2
LS e,
ot > (A1-2).

8. Hop chét theo diém bét ky trong sb cac diém néu trén, trong d6 khoi lwong phan
tir trung binh khéi ciia né My nim trong khoang tir 250 d&én 10000g/mol.

9. Phuong phap téng hop hop chét theo diém bét k¥ trong sb cac diém néu trén,
khéc biét & chd, it nhat mot nguyén liéu ban dau 12 hop chét c6 mot cong thirc trong

sb cac cong thire (M1) va M2) sau:

@Rm1_NJLN_RmZ_MZ
Nx H (M1) va
M3 M4
PN s P N SR
F—RM3-N" “N—R™-N" “N—R™-M
Ny H H (M2)
trong do

mdi R™, R™, R™ va R™ doc lap duge chon tir nhém bao gébm C1-C12-alkandiyl
va —(CHZ)(,—[CH(Rmé)-CHz—O]B-(CHz)X- trong d6 o la s6 nguyén nim trong khoang
tir 0 dén 3; P 1a sb nguyén nam trong khoang tr 1 dén 100; y 1a sb nguyén nim
trong khoang tir 1 dén 3; mdi R™ doc 14p voi nhau duge chon tir nhém bao gdm
hydro, alkyl, aryl va aralkyl;

mdi R™ doc lap dugc chon tir nhém bao gbm alkandiyl, arendiyl va -(CHy)s-
[CH(R™)-CH,-O],-(CH,);-, trong d6 & 1a s nguyén ndm trong khoang tir 0 dén 3; &
1a s6 nguyén nam trong khoang tur 1 dén 100; ¢ 1a s6 nguyén nam trong khoang tur 1
dén 3; mdi R™ doc 1ap v6i nhau duge chon tir nhom bao gém hydro, alkyl, aryl va
aralkyl;

mdi M!, M® va M* doc 1ap dugc chon tir nhém bao gé)m Ova N(leo), trong do mdi
R™? ¢ 1ap duoc chon tir nhém bao gbm hydro, alkyl, aryl va aralkyl; va

mdi M? va M° doc 1ap dugc chon tir nhoém bao gém:
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trong d6 Z dugc chon tir -CH,-, O, S; C va C’ la s6 nguyén doc lap nim trong
khoang tir 1 dén 6, mdi R™ va R™ doc 1ap duoc chon tir nhém bao gdém hydro,
alkyl, aryl, aralkyl va -CH,-CH,-(OCH,CH,),-OH, trong d6 v la s nguyén nim
trong khoang tir 1 dén 4

duogc cho phéan tng

v6i mdt hodc nhidu hop chit trong sb cac hop chét ¢6 cong thirc tir (B1) dén (B4)
sau:

0

RN (B1),

S

Lo (B2).
LG\€CH

Tbi/ J\(
(0]
LG
2). o CHZ’fK
2
0 R" 0
(0]
feu; wtCH;T
A v

trong do

(B3) va

(B4)

mdi LG doc 1ap duoc chon tr nhom bao gé)m triflat, nonaflat, alkylsulfonat,

arylsulfonat va halogenua;

7 14 s6 nguyén nam trong khoang tir 0 dén 3; ¢ 1a s6 nguyén nam trong khoang tir 1
dén 100; x 1a sb nguyén nam trong khoang tir 1 dén 3; mdi R™ doc 1ap véi nhau
dwoc chon tir nhom bao gdm hydro, alkyl, aryl va aralkyl; A 1a s6 nguyén nam trong
khoang tir 1 dén 3; u la s6 nguyén nam trong khoang tir 1 dén 100; v 1a sé nguyén
nam trong khoang tir 1 dén 3; mdi R™ doc 1ap voi nhau duge chon tr nhém bao
g6m hydro, alkyl, aryl va aralkyl.

10. Dung dich ma kim loai hodc hgp kim kim loai chira it nhat mét loai ion kim loai
¢6 thé khir duge, khac biét & chd, dung dich ma kim loai hodc hop kim kim loai nay

chira it nhit mot hop chit theo diém bét ky trong s6 cac diém tir 1 dén 8.
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11. Dung dich ma kim loai hodc hop kim kim loai theo diém 10, trong do it nhét

mot loai ion kim loai c6 thé khir dugc 13 ion déng.

12. Dung dich ma kim loai hogc hop kim kim loai theo diém 11, trong d6 ndng do
clia it nhat mot hop chét theo diém bat ky trong sd cac diém tir 1 dén 8 trong dung
dich ma kim loai hodc hop kim kim loai nim trong khoang tir 0,01 mg/L dén 1000
mg/L.

13. Phuong phép ling phu kim loai hodc hop kim kim loai 1én it nhét mot bé mat
ctia nén chira cac budec:

chuén bi nén,

cho bé mit ctia nén nay tiép xac véi dung dich nudce dung dé ma kim loai hodc hop
kim kim loai theo diém bét ky trong sb cac diém tir 10 dén 12, va

tuy y, cho mot dong dién chay gitta nén nay va it nhat mot andt,

va nhor d6 ling pht kim loai hodc hop kim kim loai 1én it nhdt m¢t phan cta bé mat
nén nay.

14. Phuong phép theo diém 13, trong d6 nén dugc chon tir nhém bao gdm bang

mach in, nén IC, phén tir mang mach, bo phén két ndi, 14t ban dan va nén thuy tinh.
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