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(57) Sang ché thudc linh vuc hop chét ning lugng, va cu thé hon 14 dé cap dén hop
chit ABX3 loai perovskit lam vét liéu ning lwong. Theo phat hién cia sang ché, cac dic
diém cu trc cta loai perovskit cho phép hop chét c¢6 @ 6n dinh cao, do d6 khic phuc
sw khong an toan ctia thuc nd ¢6 d6 6n dinh kém trong k§ thuét hién nay. Trong khi do,
céc dic diém cAu tric cta hop chét, nhu giau phdi tir ning lugng, ciing nhu cic anion
nang lugng oxy hoa dugce sap xép xen k& va gidm cac cation hitu co trong khong gian,
tao ra hop chit v6i hiéu sudt cao trong gii phong ning lugng tie thoi khi phat nd. Céu
trac ba chiéu thu duoc cho phép hop chit khéng chi c6 tac dung dbi vai vat lidu ning

lrong ma con khic phuc nhitng han ché cia mot s6 vat liéu ndng lwgng hién co.
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Linh vuc ky thuat dwec dé cap

Sang ché dé cép dén linh vuc k¥ thudt vat liéu ning lugng, va cu thé hon 1a dé

cap dén cac hop chét loai perovskit 1am v4t liéu nang luong.
Tinh trang k¥ thuit clia sang ché

Hop chit ning luong 14 loai thubc nd c6 mat do niang luong cao. Thubc nd den,
1a vat lidu ning lwong dau tién duge phat hién béi ngudi Trung Québc cb dai vao thé ky
IX, dugc diéu ché béng cach tron luu huynh, kali nitrat va bot than, von ¢6 hiéu qua kém
va hiéu suit khong bn dinh. Trong thoi hién dai, nitroglyxerin ban dau dugc phét hién
12 san phdm thubc trong y hoc, nhung sau nay, trong qua trinh san xuét, n6 dugc phat
hién 12 loai thubc nd manh. Mic du nitroglyxerin thé hién hiéu sut t&t hon nhiéu so véi
thudc nd den, nhung né rit nguy hiém trong san xuét va vin chuyén do tinh nhay cam
cao. Thong qua qua trinh san xuét va nghién ctru khong ngimg, Alfred Bernhard Nobel
nhan thdy ring da tao cat (diatomit) c6 thé hip thu nitroglyxerin, véi phi ton hiéu suit
nd nhit dinh, c6 thé cai thién mot cach hiéu qua dd an toan cua san phém. Do do,
nitroglyxerin dd dugc ap dung thanh cong vao tng dung cong nghié¢p. Ngay nay, thudc
nd 6 hiéu suét cao hon nitroglyxerin da 1dn luot dwgc phat hién va dwa vao sir dung.
Trinitrotoluen (TNT) va cac vét liéu nang lugng hitu co nhu xyclotrimetylen trinitramin
(RDX) va xyclotetramylen tetranitramin (HMX), ¢6 hiéu suét nd cao hon TNT, dugc sir
dung rong rai trong linh vuc vii khi va dan dugc trén khip thé gi6i. Trong nhitng nim
gin déy, qud trinh cong nghiép hoa hexanitrohexaazaisowurtzitan (CL-20), mot chat nd
hitu co v6i hidu suét cao, chi phi cao va quy trinh phirc tap, d3 duoc cac nha khoa hoc
Trung Qudc phat trién, d4 thuc ddy trién vong nang cip dan duoc quéan su & Trung Qudc.
Trong nhiing nim gin day, mot sé khung hiru co kim loai ¢6 chira cac phdi tir hiru co
giau nang luong (theo Angew. Chem. Int. Ed. 2013, 52, 14031; Chem. Eur. J. 2013, 19,
1706) da thu hut su chti y ngdy cang ting. V6i kha ning diéu chinh phdi tir phong pht
va hidu suat phéat nd cao duoc chi ra béi cac tinh toan 1y thuyét, cac khung hitu co kim
loai giau ning lugng duge coi 1a mét huéng quan trong dé phat trién thude nd thé hé

tiép theo.
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Trong qué trinh phat tridn thudc nd hién dai, cac thude nd khac nhau da chimg
minh céc tinh chit dugc cai thién & cac khia canh khac nhau, nhung cling dong thoi kém
theo mot s6 han ché cua chinh chiing. Cu thé nhu, kali perclorat d tirng dugc st dung
lam chét chéng oxy hoéa cho bom chiéu sang, nhung sau d6 n6 da bi loai bé do d nhay
va cham cao khién bom dé bi nd trong qua trinh vén chuyén (xem “Vat liéu ning luong
cao: Thudc phong, Chét nd va Phéo hoa, trang 347, dugc bién tip béi Jai Prakash
Agrawal, Nha xuét ban Wiley-VCH, 2010). Trong sb cac vat liéu ning luong hitu co
hién nay ciing nhu vat liéu nang luong khung hiru co kim loai van dang trong giai doan
nghién ciru co ban, khong kho dé tim thdy nhitng vét liéu c6 hiéu suét phat nd t6t, nhung
hau hét ching déu khoé tmg dung do c6 nhugc diém nhét dinh nhu quy trinh tdng hop
phtre tap, nhiéu buée, chi phi cao, va do 6n dinh kém, cling nhu do man cam va cham
va ma st cao. Do d6, muc tiéu ctia linh vuc vat liéu ning lugng 1a lam thé nao dé thiét
ké va tong hop cac vat liéu nang lugng cao khong mén cam v6i vu didm 13 chi phi thép,

méat d6 nang luwgng cao va do nhay thip (46 an toan cao).
Ban chét k§ thuit ciia sing ché
Muc tiéu tht nhit ciia sang ché 1a dé xuét loai vat liéu ning lugng.

Muc tiéu thtr hai cia sang ché 1a dé xuat loai vat liéu ndng luong v6i dd an

toan cao.

Muc tiéu thir ba ctia sdng ché 1a dé xuat loai vat liéu ndng lugng vai hi€u suét

phét no cao.

Muc tiéu thir tw ctia sang ché 1a dé xuat loai vét liéu nang luong v6i mét do ning

lugng cao.

Trong linh vyc vt liéu nang lwong, sang ché tao ra budc dot pha khi 1an dau tién
14y hop chit loai perovskit 1am vat liéu ning lugng, va tim ra rang hop chit loai perovskit

dac biét phu hop dé duoc str dung lam vét liéu néng lugng.

Hop chét loai perovskit néi trén ¢6 nhém ning lugng, cu thé nhu nhu nhém ning

lrong ClO4™. Loai vat li€u ndng luong nay co thé duoc st dung 1am thudc nd, nhung
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khong gidi han. Cy thé 13, vét liéu nay con c6 thé duge st dung lam thudc phong, nhién

liéu tén Ira hodc chat tao khi ctia tdi khi an toan.

Hop chét loai perovskit 12 hop chit rin c6 cing loai cAu tric tinh thé véi canxi
titanat (CaTiOs3). Chiing c6 cling cdng thirc héa hoc ABX3, trong do A va B 1a cac cation
¢6 kich thuéc khac nhau, con X 1 anion. Ciu tric ly tudng 1a chu trac hinh khéi dbi
xung cao, va cac dac diém cAu trac c6 thé duge mo ta nhu sau: mdi cation vi tri B dugc
két ndi v6i sau anion X 1ién k&, va mdi anion X dugc két ndi voi hai cation vi tri B lién
k&, tir d6 hinh thanh khung anion ba chiéu bao gbm cac don vi 16ng hinh khéi. Khoang
clia cac don vi 1dng hinh khéi duoc 1ip day boi cac cation vi tri A. A it nhét 13 mot
cation, B it nhét 12 mét cation va X it nhét 12 mot anion. Khi perovskit bao gém nhiéu
cation A, cac cation A khéc nhau c6 thé dugc phan phéi tai cac vi tri A theo céch c6 trat
tir hodc khong c6 trat tu. Khi perovskit bao gdm nhiéu cation B, c4c cation B khac nhau
6 thé duoc phan phéi tai cac vi tri B theo cach c6 trat tu hodc khong co trat tu. Khi
perovskit bao gbm nhiéu anion X, c4c anion X khac nhau c6 th8 dwoc phéan phdi tai cac

vi tri X theo cach c6 trat tw hodc khong co trat tu.

Hién nay, cac hop chat loai perovskit thudng duge nghién ctru va ing dung lam

vat liéu sat dién, vat liéu quang dién, vt liu dién tur, v.v...

Céc tac gia sang ché da phat hién ra ring, cu tric ba chiéu duoc hinh thanh trong
hop chit loai perovskit trong d6 cation A 16n hon cation B, va X la nhém anion néng
lurong. Ngoai viéc cung cAp hop chét véi tac dung cia vat liéu nang lugng, cdu trac nhur
véy cling ¢6 thé cho phép hop chét khic phuc mot s6 han ché trong céc vt liéu ning
lwong hién nay. Cu thé 13, cic tdc gia séng ché du doén rang, cac dic diém chu tric cia
hop chét loai perovskit tao ra hop chét ¢6 d6 én dinh cao, dé khéc phuc sy khong an
toan ctia thudc nd c6 d6 dn dinh kém trong k¥ thuét hién nay; ngodi ra, cic dic diém clu
trac ciia hop chét, cu thé nhu c4c nhém giau ning lugng, cling nhu cic anion nang lugng
oxy héa dugc sdp xép xen k& va céc cation hiru co khit trong khong gian, lam cho hop
chét c6 hiéu suét tdt trong giai phéng ning lugng tic thoi khi phét nd. Do nhay thép
trong bao quan va nd tirc thoi khi phat nd, hai dic diém duong nhu trai nguoc nhau nay
dugc tich hop do cac ddc diém ciu tric khong gian ba chidu ciia cac hop chét loai
perovskit, cho phép hop chit duge st dung thich hop 1am vat liéu nang luong, cu thé 1a

thubc nd ning lwong cao khong nhay cim.
3
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Phéi tir ning lugng ding dé chi mot phédi tir nd. Tuy nhién, khong phéi tht ca céc
hop chit chira phi tir nd du 1a thudc nd; hop chét ¢6 phai 1 thude nd hay khong phy
thudc vao toan bo cAu tric phén tir ctia n6 chtr khong chi phu thudc vao mot phéi tr duy
nhét (xem Nghién ctu vé chét nd, trang 3, Zhang Huazhu va cfng sy, Béc Kinh: Nha
xuét ban Cong nghiép Ordance, 2004). C4c phéi tir nd phd bién bao gom ClOs~, ClO4",
NOs~, ONC-, N(NO2)2™, phéi tir azo, ion azit va phéi tit nitro.

X theo sang ché it nhat 1 mot phéi tir nang lurgng anion. X ¢6 thé 1a phéi tir ning
lugng anion oxy hoa, tot hon 1a phéi tir nang lugng anion hoa tri mot, va t6t nhét 1a phdi

tir ning lugng chira halogen hoa tri mot.

Theo mdt s6 phuong 4n thuc hién, phéi tir ning lugng anion (X) co thé 12 mét,
hai hoic nhiéu gbc duge chon tir nhém bao gdm: ClO4~, BrO4~, 1047, ONC™, NOs™ va
N(NO2)2 ™.

Theo mot sb phuong an thyc hién vu tién, phéi tir nang lugng anion (X) co thé 1a

mot, hai hoac nhiéu géc dugc chon tir nhém bao gém: ClO4~, BrO4 valOy4".
A theo sang ché it nhit 12 mot cation hitu co. Cu thé 13, A 14 cation hitu co khur.
Tét hon 13, A it nhét 1a m6t cation hitu co chira nito.
Tt hon 13, A it nhét 13 mot cation hitu co di vong chira nito.
Tét hon nita 13, A it nhat 12 mot cation hitu co di vong sau thanh phan chira nito.

Theo phuong an thuc hién, A 12 mot, hai hodc nhiéu cation hitu co dugc hinh
thanh bang cach proton héa céc chit hitu co va dan xuét clia cac cation hitu co sau day:
1,4-diazabixyclo[2.2.2]octan, pyrazine, piperazin, 3-aminopyrolidin, imidazolin,
amino-triazol, amino-tetrazol, etandiamin, xyanoguanidin, phenylendiamin, 1,5-

diaminopentan, xyclohexandiamin va céc chat twong tu khéc.

A ¢6 thé duoc chon tir nhém bao gdm céc phan tir gde cation hitu co sau day va

cac dan xuat cua ching:
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Tét hon 13, A duoc chon tir nhém bao gdm phén tir gbc cation hitu co sau ddy va

cac dan xuét cuia chung:
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1-hydroxy-1,4- 1,4-dhydroxy-1,4-

diazabixyclo[2.2.2]octan-1,4-diium diazabixyclo[2.2.2]octan-1,4-diium

Céc din xut cta cac cation hiru co clia thanh phin A 13 cdc nguyén ti hydro
trong cation hitu co dugc thé béi céc phdi tir thé ddng thoi hoic khéc nhau. Cac phdi tir
thé phd bién bao gdbm metyl, etyl, isopropyl, tertiary butyl, hydroxy, cacbonyl, carboxyl,
halogen, sulfydryl, peroxyl, phbi tir azo, nitryl va phéi tir twong tur khac.

B it nhit 1a mot cation héa tri mot.
B ¢6 thé duge chon tir nhém bao gém: ion kim loai kiém, NH4".
Ton kim loai kiém tt nhét 12 duge chon tir nhém bao gdm: Na*, K*, Rb* va Cs*.

Téthon 13, A dugc chon tir nhém bao gdm 1,4-diazabixyclo[2.2.2]oct-1,4-diium,
1-hydroxy-1,4-diazabixyclo[2.2.2]octan-1,4-diium, 1,4-dihydroxy-1,4-
diazabixyclo[2.2.2]octan-1,4-diium va c4c dan xudt ctia chiing. T6t hon nita 13, A duoc
chon tir nhém bao gém 1,4-diazabixyclo[2.2.2]octan-1,4-diium va 1,4-dihydroxy-1,4-
diazabixyclo[2.2.2]octan-1,4-diium.

Tét hon 13, B dugc chon tir nhém bao gdbm Na*, K* va NH4*. Tt hon nita 13, B

duge chon tir Na* va NH4*. Tét nhit 13, B duoc chon tir NH4™.
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Tét hon nita 13, X dugc chon tir nhém bao gdm ClO4~, NO3~ va I04. Tét hon
nita 13, X duge chon tir nhém bao gém ClO4 va NOs3~, hodc dugc chon tir nhém bao

gdm C104~ va I04~. Tét nhét 13, X dugc chon tir C104™.
Theo phuong 4n thyc hién uu tién, trong ABX3 cua sang ché:

A duge chon tr nhém bao gdm 1,4-diazabixyclo[2.2.2]oct-1,4-diium, pyrazin-
1,4-diium, piperazin-1.4-dijum, 1-hydroxy-1,4-diazabixyclo[2.2.2]octan-1,4-diium va
1,4-dihydroxy-1,4-diazabixyclo[2.2.2]octan-1,4-diium.

B dugc chon tir nhém bao gdm Na*, K¥, Rb* va NH4*.

X duoc chon tir nhém bao gdm ClO4~, NO;~ va I04~. Tét hon nita 13, X dugc
chon tir nhém bao gém ClO4 valIO4, hodc dugc chon tir nhdém bao gf‘)m ClO4 vaNOs3".

Theo phuong an thuc hién uu tién khéc, trong ABX3 clia sang ché:

A dugc chon tir nhém bao gdm c4c cation hitu co nhu 1,4-diazabixyclo[2.2.2]oct-
1,4-diium, 1-hydroxy-1,4-diazabixyclo[2.2.2]octan-1,4-diium va 1,4-dihydroxy-1,4-
diazabixyclo[2.2.2]octan-1,4-diium.

B duge chon tir nhém bao gdm Na*, K*, Rb* va NH4".

X dugc chon tir nhém bao gém ClO4~ va NO37, hodc tir nhém bao gém ClO4 va

1047; t&t hon nita 13, X dwoc chon tir ClO4™
Theo phuong an thuc hién uu tién khac, trong ABX3 cta sang ché:

A duoc chon tor nhom bao gém cac cation hitu co nhu 14-
diazabixyclo[2.2.2]octan-1,4-diilum va 1,4-dihydroxy-1,4-diazabixyclo[2.2.2]octan-

1,4-diium.
B dugc chon tir nhém bao gdbm Na*, K*, Rb* va NH4".

X dugc chon tir nhém bao gdm ClO4~ va NO3~, hodc nhém bao gbm ClO4~ va
[04~. Tét hon nita 13, X dugc chon tir C104™.

Theo phuong &n thuc hién vu tién khéc, trong ABX3 cia sang ché:

7
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A dugc chon tir nhém bao gém cdc cation hitu co nhu 14-
diazabixyclo[2.2.2]octan-1,4-diium va 1,4-dihydroxy-1,4-diazabixyclo[2.2.2]octan-

1,4-diium.
B duge chon tir nhém bao gbm Na*, K* va NH4".

X dugce chon tir nhém bao gém ClO4 va NOj~, hoidc nhém bao gém ClO4 va
104~. Tét hon nita 13, X duoc chon tir C1O4™.

Theo phuong an thue hién wu tién khac, trong ABX3 ctia sang ché:
A 13 cation hitu co nhu 1,4-diazabixyclo[2.2.2]oct-1,4-diium.
B dugc chon tir nhém bao gdm Na* va NH4*.

X dugce chon tir nhém bao gE‘)m ClO4 va NO3~, hoac nhém bao gé)rn ClO4 va
104~. Tt hon nita 13, X duge chon tir Cl04™.

Theo phuwong 4n thyc hién cu thé, trong ABX;3 clia sang ché: A va X duoc chon

tir nhom bt ky duge dé cap trén day, va B duge chon tir NH4*.
Theo phuong an thuc hién cu thé khac,

A dugc chon tir nhém bao gdém céc cation hitu co nhu 1,4-diazabixyclo[2.2.2]oct-
1,4-diium, pyrazin-1,4-diium, piperazin-1.4-diium, 1-hydroxy-1,4-
diazabixyclo[2.2.2]octan-1,4-diium, 1,4-dihydroxy-1,4-diazabixyclo[2.2.2]octan-1,4-

dijum va dAn xuét cta ching.
X dugc chon tir nhém bao gém ClO47, BrOs4” va1Og4™.
B duoc chon tir NH4*.

Khi B 1a NH4", va sau khi hop chét phét nd hoan toan s& khong con chét rin mudi
kim loai, déng thoi lugng khi sinh ra trén mdi mol c6 thé 1én t6i 15,25 mol. Véi tinh
chét nay, hop chit dugc st dung thuén tién hon dé 1am thudc nd, nhién liéu tén lua,
thube phéng, va chét tao khi cua tai khi an toan, v.v..., va rét thich hop cho céc linh vuc
ttng dung c6 yéu cau cao vé ning suét khi. Cu thé nhu, hop chét dugc sir dung 1am nhién

liéu tén Iira.
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Theo phwong 4n thuc hién cu thé khac, trong ABX3 ctia séng ché: A va X duoc

chon tir nhom bt ky duoc dé cap trén day, va B 13 Na*.
Theo phwong 4n thyc hién cu thé khac,

A duge chon tir nhém bao gdm céc cation hitu co nhur 1,4-diazabixyclo[2.2.2]oct-
1,4-diilum, a  pyrazin-1,4-dilum, piperazin-1.4-dilum, a  1-hydroxy-1,4-
diazabixyclo[2.2.2]octan-1,4-diium, 1,4-dihydroxy-1,4-diazabixyclo[2.2.2]octan-1,4-

dijum va din xuét ctia chiing.
X dugc chon tir nhém bao gé)m ClO4, BrOs valOs4™.
B duoc chon tir Na™.

Téthonnitala, A 1a 1,4-diazabixyclo[2.2.2]oct-1,4-diium, X dugc chon tir Cl1047,

va B dugc chon tir Na*.

Khi B 14 Na*, cac wu diém cu thé nhu sau: vé mit ly thuyét, mat d§ gidm so véi
tinh huéng B 12 K*. Thong thudng, mat dd p gidm dugc coi 12 c6 thé lam gidm hiéu suét
clia vét lidu ning lwong (phuong trinh Kamlet-Jacob suy ra tdc do phat n D va ap suét
nd P cta vat liéu ning lugng: D = 1,010"2 (1+1,30p), P = 1,558@p?, trong d6 & =
31,68N(MO)"%; N 1a s6 mol khi sinh ra bdi don vi khéi lwong cia vat lidu; M 1a khbi
lwong mol trung binh ctia san phdm khi; va O 13 san lugng nhiét sinh ra trén don vi khéi
lwong ctia vat lidu. Do d6, mét d6 twong quan duong véi tac dung ctia tbe d6 phat nd va
ap suit nd, va cu thé 1a theo quan hé chi s6 binh phwong véi tac dung cta 4p suét nd.
Tuy nhién, sang ché phat hién ra ring (xem phuong 4n thuc hién 1) khi hop chit duoc
sir dung 1am vét lidu nang lwong, cac ion natri nhe dwgc du doan rd rang ring c6 thé 1am
gidm mat do ciia vt lidu, theo d6, tac dong tiéu cuc c6 thé xay ra dbi vai toe do phat nd
va ap suét phat nd cia vat liéu, nhung tit ca cdc thi nghiém va tinh toan Iy thuyét da
ching minh rﬁng viéc st dung cac ion natri dat dugc hiéu qua tét hon gép nhiéu an. Cu
thé 13, thong qua so sénh DAP-1 (xem phuong an thyc hién 1, B cua hop chét loai
perovskit 12 Na*) va DAP-2 (xem phuong an thuc hién 2, B ctia hop chét loai perovskit
1a K*), san lugng nhiét trén mdi don vi khéi lugng tang 1én, va s6 mol khi trén mdi don
vi khdi lugng ting 1én, do d6 cac gia tri duy tinh theo 1y thuyét v& téc do phat nd va ap
sudt nd ctia DAP-1 déu cao hon so véi DAP-2. Ngoai ra, natri perclorat 1am nguyén liéu

9
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th6 ctia DAP-1 d& hoa tan trong dung méi phéan cyc hon kali perclorat 1am nguyén liéu
thd cia DAP-2, do d6 luong dung mdi dé tdng hop DAP-1 it hon nhiéu so v&i lwong
dung mdi dé tong hop DAP-2. Do d6, trong thit nghiém va san xuit, DAP-1 duoc tong
hop thudn tién hon. DAP-1 c6 thé 4p dung trong linh vuc thudc nd va thubc phéng phi
hop hon so véi DAP-2.

Theo phuong 4n thyc hién cu thé khéc, trong ABX3 ciia séng ché, A va X duoc
chon tir nhém bt ky duoc d& cap trén déy, va X 1A NO;™.

Theo phuong an thuc hién cu thé khac,

A dugc chon tir nhém bao gém céc cation hitu co nhur 1,4-diazabixyclo[2.2.2]oct-
1,4-diium, pyrazin-1,4-diium, piperazin-1,4-diium, 1-hydroxy-1,4-
diazabixyclo[2.2.2]octan-1,4-diium, 1,4-dihydroxy-1,4-diazabixyclo[2.2.2]octan-1,4-

ditum va din xut ciia ching.
B dugc chon tir nhém bao gdbm Na*, K*, Rb* va NH4".
X 1aNOs™.

Khi X 12 NOs~, hop chét khong chira nguyén té halogen, do d6 khong c6 khi
hydro halogenua dugc tao ra sau khi nd hop chit, do d6 1am giam tin hiéu déc trung va
giam 6 nhiém moéi trudng. Tinh chat nay cho phép hop chét phi hop véi cac trudng ing
dung c¢6 yéu ciu vé tin hiéu dic trung thip. Cu thé nhw hop chét duge sir dung 1am thube

phoéng hoidc nhién liéu tén Itra tin hidu dic trung thép.

ABX; ¢6 thé thu duoc bing phan tng gitta thanh phan A, thanh phan B va thanh
phin X dugc thém vao hé théng phan tmg 16ng theo thir tw bt ky. Hé thng phan tmg
1ong t6t nhét 1a dung méi phan cuc c6 kha ning hoa tan thanh phan A, thanh phan B va
thanh phan X, hodc thu dugc bang cach sir dung phuong phéap tdng hop théng thudong
khac. Nhiét d6 phan tng khong bi gi6i han, ¢6 thé duoc diéu chinh trong pham vi 16m,
cu thé nhu 0 dén 100°C.

Sang ché @& xut phwong phap san xuét, bao gbdm:
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1) thém thanh phin A vao dung méi phén cuc, sau d6 thém thanh phén X va

khuéy déu;
2) hoa tan thanh phan B vao dung mdi phéan cuec;

3) tron dung dich thu dugc ¢ bude 1) voi dung dich thu duge & budce 2), khudy
va loc toan bg, rira cén br?mg etanol va séy chan khong, qua d6 thu dugce hop chét nang

luong dang bot tring.

Thanh phin A néi trén it nhét 1 mot trong s6 cac chét bao gdm: 1,4-diazabixyclo
[2.2.2] octan hodc din xuét ctia chiing, pyrazin hogc din xuét ctia chuing, piperazin hoic
dan xuét cta ching, 1,4-diazabixyclo[2.2.2]octan 1- oxit hodc din xuét cua chung, 1,4-
diazabixyclo[2.2.2]octan 1,4-dioxit hoic din xuét cia ching, mudi hitu co chia 1,4-
diazabixyclo[2.2.2]octan-1,4-diium hoic din xuét cta ching, mudi hitu co cha
pyrazin-1,4-diium hodc din xuét ctia chiing, mubi hitu co chira piperazin-1,4-diium hodc
din xuét cia ching, mudi hitu co chira 1-hydroxy-1,4-diazabixyclo[2.2.2]octan-1,4-
diilum hoic din xuédt cua chung, va mudi hitu co chira 1,4-dihydroxy-1,4-

diazabixyclo[2.2.2]octan-1,4-diium ho#c din xuét ciia ching.

Tot hon 13, cation cia thanh phan B dugc chon tir nhém bao gom céc ion kim
loai kiém va NH4". Thanh phan B it nhat 1a mdt thanh phan dugc chon tir nhém bao géom
mudi amoni, mudi natri, mudi kali, muoi rubidi, mudi xesi, ki€m amoni, ki€m natri,

kiém kali, ki€ém rubidi va ki€m xesi.

Thanh phén X néi trén it nhit 1a mot thanh phén dugc chon tir nhém bao gém

axit nang luong co chira halogen va muoi néng lwong c6 chira halogen.

Dung méi phan cuc néi trén dugc chon tur nhém bao gdm nudce, etanol va

metanol.

Theo vi du cia sang ché, mudi hitu co bao gdm 1,4-diazabixyclo[2.2.2]octan-

1,4-diium la axit clohydric cua 1,4-diazabixyclo[2.2.2]octan.

Mubi hitu co néi trén bao gdm din xuét 1,4-diazabixyclo[2.2.2]octan-1,4-diium

it nhat 13 mot chit duwgc chon tir nhém bao gdm axit clohydric of 2-hydroxy-1,4-
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diazabixyclo[2.2.2]octan, axit clohydric cia 2-cacbonyl-1,4-diazabixyclo[2.2.2]octan

va axit clohydric ciia 2-metyl-1,4-diazabixyclo[2.2.2]octan.
Mudi hitu co néi trén bao gdm pyrazin-1,4-diium 13 axit clohydric cia pyrazin.

Mubi hitu co néi trén bao gdm din xuét pyrazin-1,4-diium it nhéit 12 mot chét
duoc chon tir nhém bao gbm axit clohydric cita 2-hydroxy-pyrazin va axit clohydric cia

2-metyl-pyrazin.

Mubi hitu co néi trén bao gbém piperazin-1,4-dijum 1a axit clohydric cia

piperazin.

Mudi hitu co néi trén bao gdm din xuit piperazin-1,4-diium derivative it nhét 13
mdt chit dugc chon tir nhém bao gdm axit clohydric clia 2-hydroxy-piperazin va axit

clohydric cuia 2-metyl-piperazin.

Mudi hitu co néi trén bao gdm 1-hydroxy-1,4-diazabixyclo[2.2.2]octan-1,4-

diium 13 axit clohydric cta 1,4-diazabixyclo[2.2.2]octan 1-oxit.

Mudi hitu co néi trén bao gdbm dan xuit 1-hydroxy-1,4-diazabixyclo[2.2.2]octan-
1,4-diium it nh4t 12 mot chét duoc chon tir nhém bao gdm axit clohydric ciia 2-hydroxy-
1,4-diazabixyclo[2.2.2]octan 1-oxit va axit clohydric cua 2-cacbonyl-1,4-

diazabixyclo[2.2.2]octan 1-oxit.

Mubi hitu co noi trén bao gdm 1,4-dihydroxy-1,4-diazabixyclo[2.2.2]octan-1,4-

diium 13 axit clohydric cua 1,4-diazabixyclo[2.2.2]octan 1,4-dioxit.

Mubi hitu co n6i trén bao gdm din xudt 1,4-dihydroxy-1,4-
diazabixyclo[2.2.2]octan-1,4-diium it nhét 1a mot chit dwoc chon tir nhém bao gdm ciia
2-hydroxy-1,4-diazabixyclo[2.2.2]octan 1,4-dioxit va axit clohydric ctia 2-cacbonyl-
1,4-diazabixyclo[2.2.2]octan 1,4-dioxit.

Mudi amoni néi trén c¢6 it nhat 1a mot mudi duge chon tir nhém bao géom amoni
perclorat, amoni tetrafloborat, amoni periodat, amoni perhenat, amoni cacbonat, amoni

nitrat, amoni phosphat, amoni clorua va amoni florua.
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Mubi natri néi trén it nhat 13 mot mudi duge chon tr nhém bao gdm natri
perclorat, natri tetrafloborat, natri periodat, natri perhenat, natri cacbonat, natri nitrat,

natri phosphat, natri clorua va natri florua.

Muéi kali n6i trén it nhat 12 mot mubi duge chon tir nhém bao gdm kali perclorat,
kali tetrafloborat, kali periodat, kali perhenat, kali cacbonat, kali nitrat, kali phosphat,

kali clorua va kali florua.

Mudi rubidi néi trén it nhat 12 mot mudi duge chon tir nhém bao gdm rubidi
perclorat, rubidi tetrafloborat, rubidi periodat, rubidi perhenat, rubidi cacbonat, rubidi

nitrat, rubidi phosphat, rubidi clorua va rubidi florua.

Mubi xesi néi trén it nhat 14 mot mudi duge chon tir nhém bao gdm xesi perclorat,
xesi tetrafloborat, xesi periodat, xesi perhenat, xesi cacbonat, xesi nitrat, xesi phosphat,

xesi clorua va xesi florua.
Kiém amoni 13 nuéc amoniac.
Kiém natri 13 natri hydroxit.
Kiém kali 14 kali hydroxit.
Kiém rubidi 1 rubidi hydroxit.
Kiém xesi 1a xesi hydroxit.

T6t hon 13, thanh phan X 13 hop chit ¢6 chira gbc perclorat. Cu thé hon, thanh
phan X t6t nht 13 axit percloric.

Dung méi phén cuc it nhét 1 mot dung méi duge chon tir nhém bao gém nuéc,

etanol va metanol.

Theo mot sb phuong 4n thyc hién, khi hop chét loai perovskit ABX3 chira géc
perclorat, cac dinh dic trung ctia phd hép thu hdng ngoai ciia gbc perclorat nim trong

khoang tir 1070 dén 1100 cm™ va 617 dén 637 cm'L.
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Khi hop chit loai perovskit ABX3 chira gbc nitrat, cac dinh dic trung cia phé
hép thu hdng ngoai clia gbc nitrat ndm trong khoang tlr 1375 dén 1390 cm! va 845 dén
860 cm.

Khi & trong hé 14p phuwong, goc 20 xac dinh cac dinh déc trung cua mau nhiéu xa
bot tia X 1a khoang: 12,1+0,70°, 21,1+1,00° va 24,4+1,20°. Hon nita, goc 26 x4c dinh
cac dinh dic trung cia mau nhiéu xa bot tia X 1a khoang: 12,1+0,70°, 21,1%1,00°,
24,4+1,20°, 27,4+1,30°va 36,57+0,88°.

Hoic, trong mot hé don nghiéng, goc 26 xac dinh cic dinh dic trung cua mau
nhiéu xa bt tia X 1a khoang: 12,6+0,5°, 21,7+0,5°, 22,4+0,5°, 22,7+0,5°, 25,4+0,5° va
26,8+0,5°. Hon nita, goc 26 xac dinh cac dinh dic trung cua mau nhidu xa bot tia X 1a
khoang: 12,6+0,5°, 21,7+0,5°, 22,4+0,5°, 22,7+0,5°, 25,4+0,5°, 26,8+0,5°, 27,2+0,5°,
37,7+0,5° va 38,4+0,5°.

Hoic, trong hé théng luc gidc, goc 20 xac dinh cac dinh dic trung clia mau nhiéu
xa bot tia bot X 1a khoang: 17,7+0,5°, 20,4+0,5°, 23,9+0,5°, 24,8+0,5°, 29,7+0,5° va
30,5+0,5°. Hon nita, goc 20 xac dinh céc dinh dic trung cia mAu nhiéu xa bdt tia X 1a
khoang: 10,3+0,5°, 17,7+0,5°, 20,4+0,5°, 23,9+0,5°, 24,8+0,5°, 27,0+0,5°, 29,7+0,5°,
30,5+0,5°, 32,24+0,5° va 37,0+0,5°.

Sang ché c¢6 nhimng wu diém sau day:

(1) hop chét ning lugng clia sang ché c6 nhiét phat nd cao va mat do ning luong
cao; nhiét phat nd theo 1y thuyét c6 thé 1én t6i 1,53 keal/g; mét d6 tinh thé nam trong

khoang 1,8-2,3 g/cm?; mat d6 ning lugng twong tmg c6 thé 1én t6i 3,11 keal/cm?;

(2) hop chét ning luong cta sang ché c6 tdc dd phat nd cao; tbc d6 phat nd theo

Iy thuyét c6 thé 1én t&i 8,85 km/s dugc tinh theo cong thirc Kamlet-Jacob;

(3) hop chit ning lwong ctia sang ché c6 ap sudt nd cao; 4p suét phat nd theo Iy

thuyét c6 thé 1én t6i 37,3 GPa dugc tinh theo cong thirc Kamlet-Jacob;

(4) hop chét niang luong cta sang ché c6 dd an toan cao, ciing nhu do nhay va
dap, d6 nhay ma sat va d6 nhay tinh dién rat thip, va nhiét d6 diém nd kich hoat nhiét
c6 thé 12 340 °C;

14



51631 15/85

(5) hop chét ning luong ctia séng ché khong bay hoi va c6 thé dugc bao quan

trong mot thoi gian dai ma khong bi phéan hity hogic hit dm;

(6) hop chét ning lwong ctia sang ché c6 d6 két tinh don tinh thé & nhiét d6 phong
va c6 thé duge san xudt an toan theo mé tir cic nguyén liéu tho ré tién va sin ¢ nhd quy

trinh don gian.
M ta viin tit cac hinh vé
Fig.1 12 so dd ciu tric ctia hop chit niang lwong DAP-1;

Fig.2 1a @b thi nhidu xa bot tia X cia cac hop chét ning lugng theo phuong 4n
thuc hién 1-7;

Fig.3 13 phd hdng ngoai ciia hop chét ning lugng DAP-1 theo phwong 4n thuc

hién 1;

Fig.4 1a dd thi phan tich nhiét trong ctia hop chét ning lugng DAP-1 theo phuong

an thuc hién 1;

Fig.5 1a @6 thi do nhiét lvong quét vi sai (DSC) ctia hop chit ning lwong DAP-1

theo phuong an thyc hién 1;

Fig.6 1a d6 thi phan tich nhiét trong ctia hop chét ning luong DAP-2 theo phuong

an thuc hién 2;

Fig.7 1a d thi do nhiét lugng quét vi sai ctia hop chét ning lugng DAP-2 theo

phuong an thuc hién 2;

Fig.8 1a d0 thi phan tich nhiét trong ctia hop chit ning lwong DAP-3 theo phuong

an thuc hién 3;

Fig.9 1a d6 thi do nhiét luong quét vi sai ctia hop chét niang lugng DAP-3 theo

phuong an thyc hién 3;

Fig.10 1a db thi phan tich nhiét trong ctia hop chét ning lugng DAP-4 theo

phuong an thuc hién 4;
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Fig.11 1a dd thi do nhiét lwong quét vi sai ctia hop chit ning lugng DAP-4 theo

phuong &n thuc hién 4;

Fig.12 12 d6 thi phéan tich nhiét trong cta hop chét ning luong DAP-022 theo

phuong 4n thyc hién 5;

Fig.13 13 db thi do nhiét lwgng quét vi sai ctia hop chét ning lugng DAP-022

theo phuong an thuc hién 5;

Fig.14 12 dd thi do nhiét lvong quét vi sai clia hop chét ning lugng DAP-024

theo phuong an thuc hién 7;

Fig.15 1a dd thi nhifu xa bot tia X ctia hop chit ning lugng PAP-1 theo phwong

an thuc hién 8;

Fig.16 14 d6 thi phén tich nhiét trong ctia hgp chét ning lugng PAP-1 theo phuong

an thuc hién 8;

Fig.17 12 dd thi do nhiét lvong quét vi sai ctia hop chit ning lwgng PAP-1 theo

phuong an thuc hién 8;

Fig.18 1a dd thi do nhiét lwong quét vi sai ctia hop chét ning luong PAP-4 theo

phuong an thyc hién 9;

Fig.19 14 @6 thi nhidu xa bt tia X ciia hop chét niang lwgng DAN-2 theo phuong

an thuc hién 10;

Fig.20 12 ph6 hdng ngoai ctia hop chat ning lugng DAN-2 theo phuong 4n thuc
hién 10;

Fig.21 13 @0 thi phan tich nhiét trong cta hop chit niang luong DAN-2 theo

phuong &n thuc hién 10;

Fig.22 1a @0 thi do nhiét lwgng quét vi sai ctia hop chét ning lugng DAN-2 theo

phuong an thyc hién 10;

Fig.23 13 db thi nhifu xa bot tia X ctia hop chét nang lugng DAN-4 theo phuong
an thuc hién 11;
16
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Fig.24 13 @b thi phén tich nhiét trong cta hop chét ning hrong DAN-4 theo

phuong 4n thyc hién 11;

Fig.25 13 d6 thi do nhiét lwgng quét vi sai ctia hop chét ning hrong DAN-4 theo

phuong an thyc hién 11.
M6 ta chi tiét sang ché

Tac gia sang ché thiét k& mot loat hop chét loai perovskit c6 cdc nhém ning
lugng, va thuc hién cac thi nghiém va nghién ctru ¢6 lién quan v& trién vong ctia céc hop
chét nay voi vai tro 1a thudc nd hiéu suét cao trong linh vuc ning lugng. Theo sang ché,
cac hop chét ning lugng loai perovskit (ABXs, twong Gng véi tir viét tit DAP theo céc
phuong an thuc hién sau day va duoc cung clp véi céc sb tuong ting) c6 cac phéi tir
niang lugng. Céc thi nghiém va tinh toén chi ra rang mét do ning luong va hidu suit nd
ctia chiing c6 thé twong dwong véi cac loai thudc nd quan sy hiéu suét cao dang sir dung
nhu RDX va HMX. Hon nifa, cac hgp chét c6 hiéu suét an toan cao, v6i dic tinh khong
bay hoi va khéng hit 4m, va dugc san xudt tir cac nguyén lidu tho ré tién va sin c6 thong
qua quy trinh tdng hop don gian. Cac hop chit nay 1a cac hop chét ning lwong c6 gié tri

thuc té trong c4c linh vue ning lugng.

ABXj; ¢6 thé duoc téng hop bang phuong phip tbng hop clia sdng ché. Phuong
phép téng hop (ZMJin, YJPan, XFLi, MLHu, L.Shen, Journal of Molecular Structure,
2003, 660, 67) hop chit loai perovskit (CeH1aN2) [K(ClO4)3], duge dé xuit béi ZMJin

va cdng su, cling c6 thé duge st dung dé tham khdo.

X trong ABX; it nhét 14 mot phi tir ning luong anion. Phéi tir ning luong 13
phdi tir nd. Céc phdi tir nd phé bién bao gdbm, nhung khéng giéi han, C1037, C1047, 1047,

NO;~, ONC", phdi tir azo, ion azit, nitryl va c4c loai twong tu.

Cu thé 13, trong ABXs, X ¢6 thé bao gdm mét hodc nhiéu ion. Cu thé, 2, 3, 4, 5,
6,7,8,9,10... loai ion X co thé tdn tai déng thoi. Pidu tuong tu cling ding v4i A va B.
Khi perovskit bao gdbm nhiéu loai cation A, cac cation A khac nhau c6 thé dugc phan
phéi tai cac vi tri A theo cach c6 trat tu hodc khong c6 trat tu. Khi perovskit bao gém
nhiéu loai cation B, cac cation B khéc nhau c6 thé dugc phan phéi tai cac vi tri B theo

cach c6 trat ty hodc khong cé trat tu. Khi perovskit bao gém nhiéu loai anion X, céc
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anion X khac nhau c6 thé duogc phan phéi tai cac vi tri X theo cach c6 trét tu hodc khon

cO trat tu.

Dua trén tinh chét trén, “X it nhét 12 mot phdi tir/ion”, “A it nhét 12 mot phdi
ti/ion”, “B it nhat 1a mot phéi ta/ion”, “X dugc chon tir...”, “A dugc chon tir...”, “B
duoc chon tir...”, v.v... nén dugc hiéu 12 vi du déi véi X, khung ba chiéu ABX; bao gém
nhiéu vi tri X, mdi vi tri bao gE”)m mot loai ion. Trong khung ba chiéu, nhiéu vi tri X ¢6
thé bao gdm ciing mot loai ion va ciing c6 thé bao gdm cac loai ion khac nhau. Khi cac
vi tri X bao gém c4c ion khac nhau, it nhit mot s vi tri (hoidc hau hét cac vi tri) 1a cac
phdi tir/ion. Pdng thoi, mot s6 vi tri trong toan bd khung ba chiéu ABX3 khong phai 1a
cac phéi tir/ion hodc mdt sd ion la khac khong dugc loai trir mién 13 sb lugng céc vi tri
nay cé thé khong anh huong 16n dén hiéu suét chung. Cu thé 14, mot s6 vi tri c6 thé co
s6 mol it hon 50%, cu thé hon 13 khong quéa 40%, 30%, 25%, 20%, 15%, 10%, 9%, 8%,
7%, 6%, 5%, 4%, 3%, 2% hodc 1%. Diéu nay tuong tu dbi véi A va B.

Sang ché thuc hién cac phuong phap nhan dang va md ta dic tinh khéc nhau bao
gém: nhan dang nhiéu xa bot tia X, kiém tra dic tinh cAu trtic don tinh thé, dic tinh phé
hdng ngoai, dic tinh dn dinh nhiét, do nhiét lwgng quét vi sai (DSC), ddc tinh do nhay,
va tinh toan nhiét phat nb/ap suit phat nd/téc do phat nd.

Trong do6, dit li¢u nhiéu xa bot tia X trong diéu kién nhiét do phong dugc thu thap
trén may do nhidu xa Bruker D8 Advance bing cach sir dung tia Cu-Ka. Ché d6 quét
nhu sau: co ciu 6:26, quét tirng bude, d6 dai bude 26 la 0,02°. Dit 1iéu nhiéu xa bot tia
X don tinh thé dugc thu thap trén may do nhidu xa Oxford Gemini S Ultra CCD thong
qua bd don sic than chi theo phuong phap quét o bing cach sir dung tia X Mo-Ka.
Chuong trinh SADABS dugc sir dung dé didu chinh hip thu. Phuong phap truc tiép
duge sir dung @8 phén tich, va sau do tt ca cac toa do phi hydro dugc tinh bang cach sir
dung phuong phap ham Fourier khac biét va phuong phép binh phwong nhé nhét, va
cudi cling cAu triic dwogc tinh chinh bang cach st dung k§ thuat binh phwong tdi thiéu
ma trin toan phan. Nguyén ti hydro hitu co dang lap thé duoc tao ra. Cong viéc tinh
toan duoc hoan thanh trén may tinh bang céch st dung cic gbi chuong trinh Olex? va
SHELX. Dt liéu phf) héng ngoai dugc thu thép trén thiét bi IR Tensor 27. Mau khé va
KBr dugc ép vao mAu thir tim mong trong sudt. Phan tich nhiét trong duoc thu thap trén

thiét bi TA Q50 trong moi truong khi nito véi tée do quét 5 °C/phit. Pudng cong DSC
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duge thu thap trén thiét bi TA DSC Q2000 trong mdi trudng nito véi tdc do quét 5
°C/phut.

Mb6 ta dic tinh d0 nhay 1a dé kiém tra do nhay va cham, ma sat va d§ nhay nhiét
theo Tiéu chudn Quan su Quéc gia GIB772A-97 ciia Cong hoa Nhan dén Trung Hoa.
D6 nhay va cham duoc kiém tra bing phuong phap xéc suét nd 601.1. P nhay ma sat
duogc kiém tra bing phuong phép xac suit nd 602.1. o nhay nhiét duge kiém tra bing
phuong phap do tré 5 gidy diém nb - 606.1. P9 nhay tinh dién dugc kiém tra bang phin
thir ba ctia phuong phap thit nghiém vét liéu nd khéi dau cong nghiép WI/T 9038.3-
2004: thir dd nhay tia Itra tinh dién.

O nhiét do phong, cac dinh dic trung cua phéi tir gbc perclorat trong phé hép thu
hdng ngoai nim trong khoang tir 1070 dén 1100 cm™ (twong tng véi dao dong hoéa tri
khong ddi xting) va 617 dén 637 cm! (tuong tng véi dao dong bién dang khong dbi
ximg). Cac dinh dic trung ctia phéi tir gbc nitrat trong phd hip thu hdng ngoai nim trong
khoang tir 1375 dén 1390 cm™! (twong tmg v6i dao dong héa tri khong déi xting) va 845

dén 860 cm™! (twong Gmg véi dao dong bién dang khong d6i xtng).

Theo phuong an thuc hién wu tién, hgp chét duge str dung 1am vt lidu ning lugng
1a (CeH1aN2)[Na(ClOs4)3] (dugce ghi 1a DAP-1), va dugc két tinh theo nhém khong gian
1ap phuong Pa-3 & 223 K, véi chiu dai 6 1a 14,1537(1)A. Géc 26 x4c dinh céc dinh dic
trung cia mAu nhidu xa bot tia X (tia X Cu-Ka) clia hop chit & nhiét d6 phong 14 khoang:
12,3+0,5°, 21,5+0,5°, 24,9+0,5°, 27,9+0,5°, 35,6+0,5° va 37,2+0,5°. Két qua phan tich
én dinh nhiét cho thdy ring nhiét d6 nd ctia hop chit c6 thé 1én t&i 360 °C. Két qua do
nhiét lugng quét vi sai cho thiy nhiét luong téa ra & 360 °C 1a 4398 J/g. Két qua mo ta
dic diém an toan cho théy DAP-1 khong nhay cam vé 3o nhay va cham, d nhay ma sat
va dd nhay tia Itra tinh dién theo Ti€u chuin quén sy quéc gia. Theo tiéu chuén caa Vién
nghién ctru va thir nghiém vat liéu lién bang (BAM), dd nhay va cham cia DAP-1 1a
khoang 17 J, va do nhay ma sat 12 khoang 36 N. Piém nd ctia DAP-1 13 340 °C (phwong
phép do tr8 5 gidy). Nhiét phét nd, téc d6 phat nd va gia tri ap suét phét nd thu dugc theo
Ly thuyét chtrc ning mét d6 (DFT) tuwong ng 1a 1,53 kcal/g, 8,85 km/s va 37,31 GPa.

Theo phuong &n thuc hién uvu tién khéc, hop chét dugce st dyng lam vat liéu ndng

lwong 14 (CsH14N2)[K(C104)s3] (duwoc ghi 1a DAP-2), va dugc két tinh theo nhém khong
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gian 1ap phuong Pa-3 & 223 K, vé6i chidu dai 6 1a 14,2910(1)A. Géc 26 xé4c dinh cac
dinh d3ic trung ctia mAu nhiéu xa bot tia X (tia X Cu-Ka) ctia hgp chét & nhiét 6 phong
1a: 12,15+0,5°, 21,27+0,5°, 24,63+0,5°, 27,64+0,5°, 35,200,5° va 36,89+0,5°. Két qua
phan tich én dinh nhiét cho thdy nhiét do phat nd clia hgp chét c6 thé 1a 362 °C. Két qua
do nhiét Ivong quét vi sai cho thdy nhiét giai phong & nhiét 6 377 °C 12 4076 J/g. Két
qua mé ta dic diém an toan cho thy theo tiéu chun ctia Vién nghién ctru va thit nghiém
vt liéu lién bang, do nhay va cham ctia DAP-2 1a khoang 16 J, va do nhay ma sat 1a
khoang 42 N. Nhiét phat nd, téc do phat nd va gia tri 4p suét phat nd thu dugce theo ly
thuyét DFT tuong ung l1a 1,46 kcal/g, 8,64 km/s va 35,73 GPa.

Theo phuong an thyc hién vu tién khéc, hop chit dugc sir dung 1am vit li€u ndng
lrgng 1a (CsH14N2)[Rb(C104)3] (duge ghi 1a DAP-3), va dugc két tinh theo nhém khéng
gian 14p phwong Pa-3 & 223 K, vé6i chidu dai 6 13 14,453(2)A. Géc 26 xéc dinh cac dinh
dic trung ctia mAu nhiu xa bot tia X (tia X Cu-Ka) cua hop chét & nhiét d6 phong 1a:
12,0+0,5°, 21,0+0,5°, 24,3+0,5°, 27,3+0,5°, 34,7+0,5° va 36,4+0,5°. Két qua phan tich
én dinh nhiét cho thiy nhiét do phat nd ctiia hop chit c6 thé 1én dén 343 °C. Két qua do
nhiét lugng quét vi sai cho thdy nhiét giai phong & nhiét d6 369 °C 143797 J/g. Két qua
md ta dic diém an toan cho théy theo tiéu chuén ctia Vién nghién ctru va thir nghiém vt
liéu lién bang, dd nhay va cham cua DAP-3 1a khoang 22 J, va 4§ nhay ma sat 1a khoang
28 N. Nhiét phat nd, tc do phat nd va gia tri 4p suét phat nd thu dugc theo 1y thuyét
DFT tuong ng 1a 1,33 kcal/g, 8,43 km/s va 35,14 GPa.

Theo phuong an thue hién vu tién khac, hop chéit dugce sir dung 1am vt liéu ning
lugng 12 (CsH1aN2)[NH4(ClO4)s] (duge ghi 1a DAP-4), va dugc két tinh theo nhém
khong gian l4p phwong Pa-3 & 223 K, vé6i chiéu dai 6 14 14,4264(1)A. Géc 26 x4c dinh
cac dinh dic trung cia mau nhidu xa bot tia X (tia X Cu-Ka) ciia hop chit & nhiét do
phong 1a: 12,0+0,5°, 21,0+0,5°, 24,4+0,5°, 27,3+0,5°, 34,8+0,5° va 36,5+0,5°. Két qua
phan tich 6n dinh nhiét cho thiy nhiét 6 phat nd ctia hop chét c6 thé 1én dén 370 °C.
Két qua do nhiét lugng quét vi sai cho thdy nhiét giai phong & nhiét d6 364 °C 1a 5177
J/g. Két qua mé ta dic diém an toan cho thdy theo tiéu chudn cta Vién nghién ctru va
thir nghiém vat liéu lién bang, 46 nhay va cham ciia DAP-4 1a khoang 23 J, va 0 nhay
ma sat 1a khoang 36 N.
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Theo phuwong an thuc hién vu tién khéc, hop chét dugc st dung 13m vt liéu ning
lrong 13 (CeH14N202)[K(C1O4)3] (dugce ghi 1a DAP-022), va dugc két tinh theo nhém
khoéng gian 14p phuong Fm-3c & 298 K, véi chidu dai 6 13 14,745(3)A. Géc 20 x4c dinh
c4c dinh dic trung ctia miu nhiéu xa bot tia X (tia X Cu-Ka) cta hop chét & nhiét do
phong 1a: 11,9+0,5°, 20,8+0,5°, 24,140,5°, 27,0+0,5°, 34,4+0,5° va 36,1+0,5°. Két qua
phan tich én dinh nhiét cho thiy nhiét do phat nd ctia hop chét c6 thé 1a 354 °C. Két qua
do nhiét lugng quét vi sai cho thay nhiét lugng téa ra & 358 °C 1a 5424 J/g. Két qua mo
t4 dic diém an toan cho théy theo tiéu chuén cia Vién nghién ctru va thtr nghiém vat
liéu lién bang, do nhay va cham cia DAP-O22 1a khoang 11 J, va d6 nhay ma sét 1a
khoang 14 N.

Theo phuong an thwe hién wu tién khac, hop chéit dugc sir dung 1am vt liéu ning
lugng 13 (CeH14N20)[K(C104)3] (dugce ghi 1a DAP-O12). Géc 260 xé4c dinh cac dinh dic
trung ciia mAu nhifu xa bot tia X (tia X Cu-Ka) ciia hop chit & nhiét @ phong la:
12,1+0,5°, 21,1+0,5°, 24,4+0,5°, 27,3+0,5°, 34,8+0,5° va 36,5+0,5°.

Theo phuong an thyuc hién wu tién khéc, hop chét duoc st dung 1am vét liéu niang
lrong 13 ((CsH1aN202)[NH4(Cl104)3] (duge ghi 1a DAP-024). Goc 26 xac dinh céc dinh
dic trung ctia mau nhidu xa bt tia X (tia X Cu-Ka) cua hop chét & nhiét d6 phong la:
11,9+0,5°, 20,8+0,5°, 24,0+0,5°, 27,0+0,5°, 34,4+0,5° va 36,00,5°. Két qua do nhiét
lwong quét vi sai cho thdy nhiét lwong téa ra & 357 °C 1a 4632 J/g. Két qua mo ta dic
diém an toan cho théy theo tiéu chuén ciia Vién nghién ctru va thir nghiém vt lidu lién

bang, d6 nhay va cham ctia DAP-0O24 1a khoang 4 J, va d§ nhay ma sat 1a khoang 32 N.

Theo phuong an thuc hién uvu tién khac, hgp chét dugc st dung lam vat liéu nang
lugng 1a (CsH12N2)[Na(ClO4)s] (dugce ghi 1a PAP-1). Goc 26 xac dinh céc dinh dic trung
clia mau nhidu xa bot tia X (tia X Cu-Ka) ctia hop chit & nhiét d§ phong la: 12,6+0,5°,
21,7+0,5°, 22,4+0,5°, 22,7+0,5°, 25,4+0,5°, 26,8+0,5°, 27,2+0,5°, 37,7+0,5° va 38,4+0,5°.
Két qua do nhiét lugng quét vi sai cho thdy nhiét giai phéng & 375 °C 13 4685 J/g.

Theo phuong an thuc hién wu tién khéc, hop chit dugc st dung 1am vit liéu ning
lwong 13 (C4H12N2)[NH4(ClO4)s] (duoc ghi 1a PAP-4). Két qua do nhiét lugng quét vi
sai cho thiy nhiét lwong téa ra & 356 °C 12 3780 J/g.
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Theo phwong &n thuc hién wu tién khac, hop chét duoc sit dung 1am vat liéu ning
luong 13 (CeH1aN2)[K(NO3)3] (dugce ghi 18 DAN-2). Goc 26 xéc dinh cdc dinh déc trung
ctia mAu nhifu xa bot tia X (tia X Cu-Ka) ciia hop chét & nhiét dd phong 1a: 12,6+0,5°,
17,9+0,5°, 22,0+0,5°, 25,5+0,5°, 28,6+0,5°, 31,3+0,5°, 36,4+0,5°, 38,7+0,5°, 40,9+0,5°
va 43,0+0,5°. Két qua do nhiét lugng quét vi sai cho thdy nhiét gidi phéng & 177 °C 1a
1222 J/g. K&t qua mé ta dic diém an toan cho thiy theo tidu chuin ciia Vién nghién ctru
va thtr nghiém vt 1i€u lién bang, 4§ nhay va cham ciia DAN-2 1a khoang 29 J, va d
nhay ma sat 1a trén 360 N.

Theo phuong &n thyuc hién vu tién khac, hop chét duoc sir dung 1am vat liéu ning
lugng 1a (CeH1aN2)[NH4(NO3)3] (dugc ghi 1a DAN-4). Géc 26 xac dinh cac dinh dic
trung ctia miu nhiu xa bot tia X (tia X Cu-Ka) cia hop chét & nhiét d6 phong 1a:
10,3+0,5°, 17,7+0,5°, 20,4+0,5°, 23,9+0,5°, 24,8+0,5°, 27,0+0,5°, 29,7+0,5°,
30,5+0,5°, 32,2+0,5° va 37,0+0,5°. Két qué do nhiét luwgng quét vi sai cho théy nhiét
giai phong ¢ 170 °C 1a 1098 J/g.

Phuong an thuc hién 1

Tbng hop va kiém tra (CeH14N2)[Na(ClO4)3]

Phuong phap tdng hop:

1) thém 112,88 g 1,4-diazabixyclo[2,2,2]octan vao 100 ml nudc, tiép d6 thém
360,00 g dung dich axit percloric ndng dd 70-72% theo khéi lwong, va khudy hén hop
& nhiét do thuong trong 5 phut;

2) thém 140,52 g monohydrat natri perclorat vao 50 ml nuéc, rdi tiép d6 khudy

& nhiét d6 thuong dé hoa tan monohydrat natri perclorat;

3) tron cac dung dich thu duge trong bude 1) va 2), khudy hdn hop trong 30 phit,
rdi tiép d6 loc hdn hop, rira cin ba 14n bang etanol, va sy chan khong cin da rira dé thu
dugc chat rin dang bdét mau tring dugc xac dinh 1a hop chét loai perovskit

(C6H14N2)[Na(ClO4)3] (ky hiéu DAP-1) vé6i hiéu suit khoang 80%.

Db thi nhan dang nhiéu xa bdt tia X:
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Do thi nhidu xa bt tia X & nhiét d6 phong nhu dugc minh hoa trén Fig.2, va cac

gia tri dinh dic trung duogc trinh bay trén bang 1.

Bang 1. Gia tri dinh dic trung cua nhiéu xa bt tia X ctia DAP-1

20/° d A
12,3 7,22
18,6 4,78
21,5 4,14
24,9 3,58
25,7 3,47
27,9 3,20
28,6 3,12
33,8 2,65
35,6 2,52
36,1 2,48
37,2 2,41
37,8 2,38

Kidm tra diic tinh cAu triic don tinh thé:

Dit liéu kiém tra tinh thé chi tiét duoc trinh bay trén bang 2. So d6 céu truc tinh
thé ba chiéu dugc minh hoa trén Fig.1. C6 thé théy trén Fig.1: ion Na* tai vi tri B dugc
ndi v6i 6 anion ClO4~ 1ién ké tai cc vi tri X, va mdi anion ClO4~ duge ndi véi hai ion
Na* lién k&, do d6 tao thanh khung anion ba chiéu bao gdm cac don vi 16ng 1ap phuong.
Khoang cta mdi don vi 1dng 1ap phuong dugc 1ap day boi cac cation hitu co tai cac vi

tri A, cu thé 1a 1,4-dihydroxy-1,4-diazodixyclo[2,2,2]octan-1,4-diium (CeH1aN22Y).

Béng 2. Dir liéu tinh thé hoc tia X don tinh thé cho DAP-1

Phirc DAP-1

Cong thirc CsH14Cl3N2NaO12
Trong lugng cong thirc 435,53
Nhiét d6 (K) 223(2)
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Ha tinh thé Léap phuong
Nhom khong gian Pa-3
al A 14,1537(1)
VI A3 2835,37(4)
VA 8
Dd/g cm 2,041
anh phan xa dugc thu thép 15434
anh phan xa duy nhit 1291
Rint 0,0253
Ri1 [I>20(D)] 0,0259
WR [I > 20(I)]®! 0,0681
R (tht ca dit lidu) 0,0304
wR; (it ca dit liu) 0,0714
GOF trén F? 1,057
Hoan chinh (dit liéu) 0,996

(2R = 3||Fo| -|Fel|/Z|Fo|, PWwRa = {Zw[(Fo)? -(Fo)?1/Zw[(Fo)*]*} 12

Dic tinh phd hdng ngoai ctia DAP-1:

Phd hong ngoai cia DAP-1 nhu dugc minh hoa trén Fig.3. C6 thé thay trén Fig.3:
dinh déc trung cla c4c thanh phﬁn hitu co 1a cac dinh dao dong héa tri 3452, 3188, 3055,
3013, 2924, 2795 va 2706 cm’! ciia mot nhom -CHz-; dinh dao dong hda tri cia NH* 1a
2606 cm™'; va cac dinh diic trung ciia gbe perclorat 13 dao déng hoa tri khong ddi xting

1078 cm! va dao dong bién dang khéng ddi ximg 627 cm’.

Dic tinh dn dinh nhiét cia DAP-1:

Puong cong do nhiét trong cia DAP-1 nhu dugc minh hoa trén Fig.4. Co6 thé
théy trén Fig.4: trong diéu kién lugng tai miu 1a 3,291 mg va tbe o gia nhiét 1a 5

°C/phiit, hop chét ning lwong DAP-1 theo phuong 4n thyc hién 1 phét nd & 360 °C.,

Nhiét lvong quét vi sai cia DAP-1:

Pudng cong DSC ciia DAP-1 nhu dugc minh hoa trén Fig.5. Cé thé thdy trén
Fig.5: hop chat ning luong DAP-1 dang bt & trang thai khong tai theo phuong 4n thuc

hién 1 bi phan hiy & 360 °C va gidi phong mét lugng 16n nhiét (khoang 4398 J/g).
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Pic tinh nhay va cham, ma sat. nhiét va tinh dién cia DAP-1:

Do nay va cham, ma sat va nhiét dugc kiém tra theo tiéu chudn GIB772A-97. Do
nhay va cham dugc kiém tra bang phuwong phap xac suAtnd 601.1. Trong qua trinh kiém
tra (trong lugng bua la 10 kg, va chidu cao roi 12 500 mm), x4c suat nd ciia TNT 14 9/25,
nhung x4c sudt nd ciia DAP-1 12 0%. D9 nhay ma sat dugc kiém tra bang phuong phap
x4c suét nd 602.1. Trong qua trinh kiém tra (2,45 MPa va géc xoay 80 df), xac suét nb
cta PETN 14 2/25, nhung x4c sudt nd cia DAP-1 13 0%. Phuong phap kiém tra d6 nhay
nhiét 13 phuong phap do tré 5 gidy diém nd 606.1. DAP-1 dugc xac dinh phét nd dot
ngdt & 340 °C, diéu d6 cho thdy diém nd ciia DAP-1 1a 340 °C. Phuong phép kiém tra
d6 nhay tinh dién 12 phan thr ba ctia phuong phép thir nghiém vat lidu nd khéi dau cong
nghiép WI/T 9038.3-2004: kiém tra 46 nhay tia Itra tinh dién. Dién 4p kich hoat mot nira
Vs cia 25 mg mAu thir 13 4,77 kV (do 1éch chuén 13 0,21 kV) va ning luong kich hoat
mot nira Eso 12 0,53 J, cu thé 14 d6 nhay tia Ira tinh dién cia DAP-11a 21,2 J.

Theo phuong phép kiém tra ctia Vién nghién ctru va thir nghiém vat liéu lién

bang, d6 nhay va cham cia DAP-1 1a khoang 17 J, va d6 nhay ma sat 1a khoang 36 N.

Gi4 tri nhiét phat nd, 4p suét phat nd va tdc do phat nd cia hop chét nang lugng
DAP-1 thu duoc theo Iy thuyét DFT:

Gié trj nhiét phan hiy (gia tri entanpy phan hity AHeer) cia DAP-1 1a khoéng 1,53
kcal/g dugc tinh toan trén co s DFT (J. Am. Chem. Soc. 2012, 134, 1422), cao hon so
v6i vat liéu nang lugng quan sy dang st dung HMX (1,26 kcal/g) va RDX (1,27 kceal/g).
Mat d6 nang luong 13 3,11 keal/em? thu dugc khi chuyén ddi mat do tinh thé & 223 K,
cling cao hon so véi cac vat liéu nang lwgong quéin su hi¢n dang sir dung HMX (2,38
keal/cm®) va RDX (2,29 keal/em®). Theo cong thirc Kamlet-Jacob, DAP-1 c6 toc do phat
n khoang 8,85 km/s va 4p suit phat nd khoang 37,31 GPa, twong dwong véi céc gia tri
tuong tmg cua cac vat liéu nang lugng quan sy hién dang st dung (HMX: tbe dd phét
n 9,10 km/s va 4p sudt phat nd 39,50 GPa; RDX: téc d6 phat nd 8,80 km/s va 4p suét
nd 33,80 GPa).

Luong khi duoc tao ra bdi DAP-1 trén sd mol
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Déi v6i danh gia vé cic san phim thu dugc tir qué trinh nd hoan toan vit liéu
ning lugng trong moi trudong khong cb oxy, theo tai liéu (J. Am. Chem. Soc. 2012, 134,
1422; J. Phys. Chem. A. 2014, 118, 4575; Chem. Eur. J. 2016, 22, 1141), c4c san phém
phan hay cudi cling bao gdm céc chét khi nhuv nito, halogen hydrua, nuéc va cacbon
dioxit, va céc chét rén nhu clorua kim loai va cacbon nguyén tir (néu cic nguyén tir oxy
khong di d& chuyén hoa hoan toan tit ci cic nguyén tir cacbon thanh cacbon dioxit).
Do d6, 1 mol DAP-1 ¢c6 thé taora 12 mol chét khi sau khi nd hoan toan trong moi trudng
khdng c6 oxy, véi 3 mol cacbon nguyén tir va 1 mol natri clorua rn con lai. Trong diéu
kién c6 du lugng chét oxy hoa (cu thé nhur NH4C104 thudng duge st dung) duge tron

14n, m&i mol DAP-1 tao ra 1 mol natri clorua rin sau khi n6 hoan toan.

Phuong an thuc hién 2

Tbng hop va kiém tra (CeH14N2)[K(C104)s]

Phuong phép téng hop:

1) thém 2,24 g 1,4-diazabixyclo[2,2,2]octan vao 100 ml nuéc, tiép d6 thém 5,74
g dung dich axit percloric ndng dd 70-72% theo khéi lugng, va khudy hén hop & nhiét
do thuong trong 5 pht;

2) thém 2,77 g kali perclorat vao 100 ml nuéec, rdi tiép d6 gia nhiét va khudy hdn
hop d€ hoa tan kali perclorat,

3) tron cac dung dich thu duoc trong bude 1) va 2), khudy hén hop trong 30 phut,
loc hén hop, rira cin ba lan béng etanol, va séy chén khong cdn da rira dé thu dugc chét
rin dang bt mau tring duoc x4c dinh 13 hop chét loai perovskit (CsH1aN2)[K(ClO4)3]
(ky hiéu DAP-2) v6i hiéu suét khoang 90%.

Db thi nhan dang nhidu xa bot tia X:

Db thi nhifu xa bot tia X & nhiét do phong nhu dugc minh hoa trén Fig.2, va céc
gié tri dinh dic trung dugc trinh bay trén bang 3,

Bang 3. Gia tri dinh d#ic trung ctia xhiéu xa bot tia X ctia DAP-2
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20/° dl A
11,9 7,43
12,2 7,28
17,3 5,12
21,3 4,17
23,8 3,73
24,63 3,61
27,6 3,23
35,2 2,55
36,9 2,43
37,4 2,40

Kiém tra diic tinh cu triic don tinh thé:

Dit liéu kiém tra tinh thé chi tiét dugc trinh bay trén bang 4.

Bang 4. Dit liéu tinh thé hoc tia X don tinh thé cho DAP-2

Phurc DAP-2
Cong thuce CsH14CIsN2KO12
Trong lugng cong thirc 451,64
Nhiét d6 (K) 223(2)
Ha tinh thé Lap phuong
Nhém khong gian Pa-3
al A 14,2910(1)
VI A3 2918,69(4)
Z 8
D. /g cm? 2,056
anh phan xa dugc thu thap 5749
anh phan xa duy nhét 1254
Rint 0,0348
Ri [I>26(D)]™ 0,0285
wRy [I> 20(I)]! 0,0691
R (tht ca dir liéu) 0,0394
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wR (tat ca dit liéu) 0,0761
GOF trén F? 1,100
Hoan chinh (dit liéu) 0,999

[BIR) = 3| |Fo| ~|F||/Z|Fo|, PRy = {Ew[(Fo)? -(Fe)*1/Zw[(Fo)**} 1

Dic tinh 6n dinh nhiét ctia DAP-1:

Puong cong do nhiét trong cia DAP-2 nhu duoc minh hoa trén Fig.6. C6 thé
thay trén Fig.6: trong diéu kién luong tai mau 12 6,65 mg va téc do gia nhiét 13 5 °C/phut,
hop chét ning lugng DAP-2 theo phwong an thuc hién 2 phét nd & 362 °C.

Nhiét lvong quét vi sai cua DAP-2:

Puong cong DSC ciia DAP-2 nhu dugce minh hoa trén Fig.7. Cé thé thiy trén
Fig.7: hop chét ning lugng DAP-2 dang bét & trang thai khéng tai theo phwong 4n thyre
hién 2 bi phan hiay & 377 °C va giadi phong mot luwong 16n nhiét (khoang 4076 J/g).

Paic tinh nhay va cham va ma sat cuia DAP-2:

Theo phuong phap kiém tra ciia Vién nghién ctru va thir nghiém vat liéu lién

bang, d0 nhay va cham cua DAP-2 1a khoang 16 J, va 40 nhay ma sat 1 khodng 42 N.

Gi4 tri nhiét phat nd, 4p suit phat nd va tdc d6 phat nd ctia hop chét ning lwong
DAP-2 thu duoc theo 1y thuyét DFT:

Gi4 tri nhiét phén huy (gié tri entanpy phan hily AHget) cia DAP-2 1a khoéng 1,46
kcal/g dugc tinh toan trén co s& DFT (J. Am. Chem. Soc. 2012, 134, 1422), cao hon so
v6i vt liéu nang lugng quan su dang st dung HMX (1,26 kecal/g) va RDX (1,27 kcal/g).
M4t d6 nang luong 12 3,11 kcal/em? thu dugc khi chuyén d6i mat do tinh thé & 223 K,
cling cao hon so vdi céc vat liéu nang lugng quéan sy hién dang st dung HMX (2,38
kcal/cm®) va RDX (2,29 keal/cm?). Theo cong thirc Kamlet-Jacob, DAP-2 ¢6 téc dd phat
nd khoang 8,64 km/s va 4p sut phét n6 khoang 35,73 Gpa.

Luong khi duoc tao ra bdi DAP-2 trén sb mol

Déi v6i danh gia vé cac san phém thu duogc tir qué trinh nd hoan toan vit liéu
ndng lugng trong moéi trudong khong c6 oxy, theo tai liéu (J. Am. Chem. Soc. 2012, 134,
28
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1422; J. Phys. Chem. A. 2014, 118, 4575; Chem. Eur. J. 2016, 22, 1141), c4c san phém
phan hity cudi ciing bao gdm céc chét khi nhu nito, halogen hydrua, nuéc va cacbon
dioxit, va cac chét rén nhu clorua kim loai va cacbon nguyén tir (néu céc nguyén tir oxy
khong da dé chuyén héa hoan toan tit ci cic nguyén tir cacbon thanh cacbon dioxit).
Do d6, 1 mol DAP-2 ¢6 thé tao ra 12 mol chét khi sau khi nd hoan toan trong moi trudng
khoéng c6 oxy, v4i 3 mol cacbon nguyén tir va 1 mol kali clorua ran con lai. Trong didu
kién c6 da luong chét oxy hoéa (cu thé nhu NH4C104 thuong dugc st dung) dugce tron

13n, m&i mol DAP-2 tao ra 1 mol kali clorua ran sau khi n6 hoan toan.

Phuong an thuc hién 3

Tbng hop va kiém tra (CeH1aN2)[Rb(ClO4)3]

Phuong phap téng hop:

1) thém 2,24 g 1,4-diazabixyclo[2,2,2]octan vao 100 ml nudc, tiép d6 thém 5,74
g dung dich axit percloric ndng d6 70-72% theo khdi lugng, va khu4y hén hop & nhiét
do thudng trong 5 phut;

2) thém 3,70 g rubidi perclorat vao 100 ml nuéc, rdi tiép d6 gia nhiét va khudy
hén hop dé hoa tan rubidi perclorat;

3) tron céc dung dich thu dugc trong bude 1) va 2), khudy hdn hop trong 30 phut,
loc hén hop, rira cin ba 1dn bang etanol, va sdy chan khong cin da rira dé thu duoc chét
rén dang bot mau tring duoc x4c dinh 13 hop chét loai perovskit (CsH1aN2)[Rb(C104)3]
(ky hiéu DAP-3) v6i hiéu suét khoang 85%.

P thi nhin dang nhidu xa bot tia X:

D4 thi nhidu xa bot tia X & nhiét do phong nhu dugc minh hoa trén Fig.2, va céc
gié tri dinh dic trung duge trinh bay trén bang 5.

Bang 5. Gia tri dinh dic trung cia nhiéu xa bot tia X ctia DAP-3

20/° d A

12,0 7,36
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17,1 5,19
21,0 4,23
23,6 3,77
243 3,66
27,3 3,27
27,0 2,98
34,7 2,58
36,4 2,47
36,9 2,43
39,0 2,31

Kiém tra dic tinh cAu triic don tinh thé:

Dit liéu kiém tra tinh thé chi tiét dugc trinh biy trén bang 6.

Béng 6. Dit liéu tinh thé hoc tia X don tinh thé cho DAP-3

Phuc DAP-3
Cong thuc CsH14CI3N2RbO12
Trong lugng cong thirc 498,01
Nhiét do (K) 223(2)
Hé tinh thé Lap phuong
Nhom khong gian Pa-3
al A 14,453(2)
VI A3 3018,9(7)
Z 8
D /g cm™ 2,191
anh phéan xa dugc thu thép 14540
anh phan xa duy nhét 978
Rint 0,0463
R1 [I>20(D)] 0,0254
WR> [I> 20(D)]|! 0,0669
R (tht ca dit liéu) 0,0262
wR; (tht ca dir liéu) 0,0676
GOF trén F? 1,078
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Hoan chinh (dit liéu) 0,996

IRy = Z||Fo| -|Fell/Z|Fol, PwRa = {Zw[(Fo)® -(Fe) P/Zw[(Fo)' P}

Dic tinh 8n dinh nhiét ctia DAP-3:

Puong cong do nhiét trong cia DAP-3 nhu dugc minh hoa trén Fig.8. C6 thé
thay trén Fig.8: trong diéu kién lugng tai mau 14 4,45 mg va tbc d6 gianhiét1a 5 °C/pht,
hop chit ning lwong DAP-3 theo phwong 4n thwe hién 3 phat nd & 343 °C.

Nhiét lvong quét vi sai cua DAP-3:

Pudng cong DSC ciia DAP-3 nhur duwge minh hoa trén Fig.9. C6 thé thiy trén
Fig.9: hop chit ning lwong DAP-3 dang bt & trang thai khong tai theo phwong an thue
hién 3 bi phan hiy ¢ 369 °C va giai phong mot lwong 16n nhiét (khoang 3797 J/g).

Dic tinh nhay va cham va ma sat cia DAP-3:

Theo phuong phap kiém tra cia Vién nghién ctru va thir nghiém vat liéu lién

bang, d nhay va cham ctiia DAP-3 la khoang 22 J, va d§ nhay ma sat 1a khoang 28 N.

Gi4 tri nhiét phat nd, 4p suét phéat nd va téc dd phat nd ciia hop chit ning luong
DAP-3 thu duoc theo 1y thuyét DFT:

Gi4 tri nhi€t phan hiy (gid tri entanpy phan huy AHget) cia DAP-3 1a khoang 1,33
kcal/g dugec tinh toén trén co sé DFT (J. Am. Chem. Soc. 2012, 134, 1422), cao hon so
v6i vat liu nang lugng quan sy dang sir dung HMX (1,26 kcal/g) va RDX (1,27 kcal/g).
Mat d9 ning lugng 13 2,92 kcal/cm? thu duoc khi chuyén d6i mat do tinh thé & 223 K,
cling cao hon so védi cac vét liéu ning lugng quén sy hién dang st dung HMX (2,38
keal/cm®) va RDX (2,29 kcal/cm3). Theo cong thirc Kamlet-Jacob, DAP-3 ¢6 téc dd phat
nd khoang 8,43 km/s va ap sut phét nd khoang 35,14 Gpa.

Luong khi dugc tao ra bdi DAP-3 trén s mol

Déi v6i danh gia v& cac san phim thu duge tr qua trinh nd hoan toan vat liéu
nang luong trong moi trudng khong cb oxy, theo tai liéu (J. Am. Chem. Soc. 2012, 134,
1422; J. Phys. Chem. A. 2014, 118, 4575; Chem. Eur. J. 2016, 22, 1141), c4c san phdm

phan hity cubi cling bao gdm cac chit khi nhu nito, halogen hydrua, nuéc va cacbon
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dioxit, va cac chit rén nhu clorua kim loai va cacbon nguyén tir (néu cac nguyén tir oxy
khong di dé chuyén hoa hoan toan tht ca cac nguyén tir cacbon thanh cacbon dioxit).
Do d6, 1 mol DAP-3 ¢6 thé tao ra 12 mol chét khi sau khi nd hoan toan trong mdi trudng
khong ¢ oxy, v6i 3 mol cacbon nguyén tir va 1 mol rubidi clorua rin con lai. Trong
didu kién c6 du luong chét oxy hoéa (cu thé nhu NH4C104 thuong duoc st dung) dugc

tron 14n, mdi mol DAP-3 tao ra 1 mol rubidi clorua ran sau khi n6 hoan toan.

Phuong an thuc hién 4

Téng hop va kiém tra (CeH14N2)[NH4(C104)3]

Phuong phap téng hop:

1) thém 2,24 g 1,4-diazabixyclo[2,2,2]octan vao 5 ml nudc, tiép d6 thém 5,74 g
dung dich axit percloric néng d6 70-72% theo khéi lugng, va khudy hén hop & nhiét d6
thuong trong 5 phiit;

2) thém 2,35 g amoni perclorat vao 10 ml nude, rdi tiép d6 khudy hdn hop & nhiét

d6 thudong dé hoa tan amoni perclorat;

3) trdn cac dung dich thu dugc trong budce 1) va 2), khudy hén hop trong 10 phiit,
loc hén hop, rira cin ba 14n bang etanol, va séy chéan khong cdn da rira dé thu dwgc chét
rén dang bot mau tring duge xac dinh 12 hop chét loai perovskit (CsH14N2)[NH4(ClO4)s]
(ky hiéu DAP-4) v6i hiéu sudt khoang 90%.

Db thi nhin dang nhidu xa bdt tia X:

D0 thi nhiu xa bot tia X & nhiét d6 phong nhu dugc minh hoa trén Fig.2, va cic
gia tri dinh dac trung dugc trinh bay trén bang 7.

Bang 7. Gia tri dinh dic trung ctia nhidu xa bot tia X ctia DAP-4

206/° dl A
12,0 7,35
21,0 4,22
22,0 4,05
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23,5 3,78
23,7 3,75
24,4 3,65
27,3 3,26
34,8 2,58
36,5 2,46
37,0 2,43

Kiém tra dic tinh ciu tric don tinh thé:

Dit liéu kiém tra tinh thé chi tiét dugc trinh bay trén bang 8.

Bang 8. Dir liéu kiém tra tinh thé ciia DAP-4

Phtrc DAP-4
Cong thire CsH1sC13N3012
Trong lugng cong thirc 430,56
Nhiét d6 (K) 223(2)
He tinh thé Lap phuong
Nhém khong gian Pa-3
al A 14,4264(1)
Vi A3 3002,44(4)
Z 8
D. /g cm? 1,887
anh phéan xa dugc thu thap 13016
anh phan xa duy nhat 1609
Rint 0,0353
Ri [I>20(D)]™ 0,0323
wRy [1 > 20(1)] 0,1127
R (tht ca dit liéu) 0,0378
wR; (tit ca dit lidu) 0,1167
GOF trén F? 0,9792
Hoan chinh (di li¢u) 1,000

IRy = Z||Fo| -|Fel|/Z|Fo|, PRz = {Zw[(Fo)? -(Fo) 1/ Zw][(Fo)?]2} 12
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Dic tinh 6n dinh nhiét ciia DAP-4:

Duong cong do nhiét trong cia DAP-4 nhu dugc minh hoa trén Fig.10. Co thé
thdy trén Fig.10: trong diéu kién luong tai miu 13 4,825 mg va tbc do gia nhiét 1a 5
°C/phut, hop chit ning lwgng DAP-4 theo phurong 4n thuc hién 4 phat nd & 370 °C.

Nhiét lvong quét vi sai cia DAP-4:

Pudng cong DSC ciia DAP-4 nhu dugc minh hoa trén Fig.11. C6 thé thy trén
Fig.11: hop chét niang lugng DAP-4 dang bot & trang thai khong tai theo phuong 4n thyc
hién 4 bi phin hiy & 364 °C va giai phong mot lugng 16n nhiét (khoang 5177 J/g).

Pic tinh nhay va cham va ma sat cia DAP-4:

Theo phuong phéap kiém tra ciia Vién nghién ctru va thir nghiém vét liéu lién

bang, d6 nhay va cham ctia DAP-4 13 khoang 23 J, va d nhay ma s4t 1a khoang 36 N.

Luong khi duoc tao ra bédi DAP-4 trén s6 mol

Péi v6i danh gia vé cac san phém thu duogc tir qué trinh nd hoan toan vt lidu
nang lugng trong moi truong khong c6 oxy, theo tai liéu (J. Am. Chem. Soc. 2012, 134,
1422; J. Phys. Chem. A. 2014, 118, 4575; Chem. Eur. J. 2016, 22, 1141), c4c san phém
phan hiy cudi ciing bao gém céc chit khi nhw nito, halogen hydrua, nuéc va cacbon
dioxit, va cac chit rén nhu cacbon nguyén tir (néu cac nguyén tir oxy khong du dé chuyén
hoéa hoan toan tit ca cac nguyén tir cacbon thanh cacbon dioxit). Do d6, 1 mol DAP-4
c6 thé tao ra 14,25 mol chét khi sau khi nb hoan toan trong mdi trudng khong cé oxy,
v6i 3,75 mol cacbon nguyén tir con lai. Trong diéu kién c6 du lwong chit oxy héa (cu
thé nhu NH4ClO;4 thuong duoc st dung) duogc tron 1an, DAP-4 khong tao ra du lugng

chat rdn sau khi no hoan toan.

Phuong an thuc hién 5

Téng hop va kiém tra (CsH14N202)[K(C104)s3]

Phuong phap téng hop:
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1) cho 1,01 g 1,4-diazabixyclo[2,2,2]octan vao binh, thém tir tir 6,0 g hydro
peroxit néng dd 30% theo khbi lugng, qua d6 thu dugc dung dich 14-
diazabixyclo[2,2,2]octan 1,4-dioxit, tiép do6 thém 2,64 g dung dich axit percloric néng
d6 70-72% theo khéi lugng, va khqu hdn hop trong 20 phut;

2) thém 0,42 g kali perclorat vao 20 ml nudc, tiép d6 gia nhiét hdn hop cho dén
khi hén hop sbi, rdi khudy hdn hop dé hoa tan kali perclorat;

3) trén cac dung dich thu dugc trong bude 1) va 2), khudy hdn hop trong 10 phiit,
v giit hdn hop dé tir tir tao ra tinh thé; loc tinh thé, va rira tinh thé ba 1in bang etanol;
rdi siy chan khong tinh thé da rira dé thu duoc chét rin dang bot mau tring duge xac
dinh 12 hop chét loai perovskit (CsHiaN202)[K(C104)3] (DAP-022) v6i hiéu sudt khong
55%.

DPd thi nhan dang nhiéu xa bt tia X:

Db thi nhifu xa bot tia X & nhiét do phong nhu duge minh hoa trén Fig.2, va cac
gia tri dinh dac trung dugc trinh bay trén bang 9.

Béang 9. Gia tri dinh dic trung cua nhiéu xa bot tia X cia DAP-022

20/° d A
11,9 7,41
17,0 5,22
20,8 4,26
24,1 3,69
27,0 3,29
28,2 3,16
34,4 2,60
36,1 2,49
36,6 2,45
38,4 2,34

Kiém tra diic tinh ciu triic don tinh thé:

Dit liéu kiém tra tinh thé chi tiét duoc trinh bay trén bang 10.
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Bang 10. Dit liéu kiém tra tinh theé cia DAP-O22

Phirc DAP-022
Cong thirc CeH14C13N2KO14
Trong luwgng cong thie 469,53
Nhiét do (K) 298(2)
Hg tinh thé Lap phuong
Nhoém khong gian Fm-3c
al A 14,745(3)
Vi A3 3205,78
Z 8
D. /g cm™ 1,946
anh phan xa dugc thu thap 606
anh phan xa duy nhét 154
Rint 0,0265
Ri [I>206(D)] 0,0427
wRs [I > 20(I)]™ 0,1022
R1 (tht ca dit licu) 0,0658
WR; (tt ca dit liéu) 0,1172
GOF trén F? 1,066
Hoan chinh (dit li¢u) 0,911

BIRy = || Fo| -|Fell/Z\Fo], PRz = {Zw[(Fo)? -(Fe /Zw[(Fo) T}

Dic tinh én dinh nhiét cia DAP-022:

Puong cong do nhiét trong ctia DAP-022 nhu dugc minh hoa trén Fig.12. Co thé
thiy trén Fig.12: trong didu kién lwong tai mau 1a 4,175 mg va téc do gia nhiét 13 5
°C/phut, hop chét ning lwrong DAP-022 theo phuong 4n thuc hién 5 bi phan hiy & 354
°C.

Nhiét lvong quét vi sai cua DAP-022:

Pudng cong DSC ctia DAP-022 nhur dugc minh hoa trén Fig.13. C6 thé thiy trén
Fig.13: hop chét ning lwgng DAP-022 dang bdt & trang thai khong tai theo phurong 4n
thue hién 5 bi phan hiy & 358 °C va gidi phong mot luong 16n nhiét (khoang 3797 J/g).
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Pic tinh nhay va cham va ma sét ciia DAP-O22:

Theo phuong phép kiém tra clia Vién nghién ciru va thir nghiém vt liéu lién
bang, d0 nhay va cham ciia DAP-O22 13 khoang 11 J, va 40 nhay ma sét 1a khoang 14
N.

Luong khi dugc tao ra boi DAP-O22 trén s6 mol

Péi voi danh gia v& cé4c san phém thu dugc tir qua trinh nd hoan toan vt lidu
ning luong trong moi trudng khong co oxy, theo tai liéu (J. Am. Chem. Soc. 2012, 134,
1422; J. Phys. Chem. A. 2014, 118, 4575; Chem. Eur. J. 2016, 22, 1141), cac san phim
phan hay cudi ciing bao gbm cac chat khi nhu nito, halogen hydrua, nuge va cacbon
dioxit, va céc chét rin nhu clorua kim loai va cacbon nguyén tir (néu cic nguyén ti oxy
khong du @& chuyén hoa hoan toan tt ci cdc nguyén tir cacbon thanh cacbon dioxit).
Do d6, 1 mol DAP-O22 c6 thé tao ra 13 mol chét khi sau khi nd hoan toan trong moi
truong khong c6 oxy, 2 mol cacbon nguyén tir va 1 mol kali clorua rin con lai. Trong
didu kién c6 di lwong chit oxy hoa (cu thé nhu NH4C104 thuong duge st dung) dugce

tron 14n, mdi mol DAP-022 tao ra 1 mol kali clorua ran sau khi nd hoan toan.

Phuong an thuc hién 6

Téng hop va kiém tra (CeH14N20)[K(C1O04)3]

Phuong phip téng hop:

1) cho 1,01 g 1,4-diazabixyclo[2,2,2]octan vao binh trong bé da, bd sung cham
va tir tir 2,0 g hydro peroxit ndng d6 30% theo khéi luong, qua d6 thu dugc dung dich
1,4-diazabixyclo[2,2,2]octan 1-oxit, tiép d6 thém 2,64 g dung dich axit percloric ndng
d6 70-72% theo khdi lwong, va khudy hdn hop trong 20 phut;

2) thém 0,42 g kali perclorat vao 20 ml nudc, tiép d6 gia nhiét hdn hgp cho dén
khi s6i, va khudy hdn hop dé hoa tan kali perclorat;

3) tron cac dung dich thu duge trong bude 1) va 2), khudy hdn hop trong 10 phit
va gitt hdn hop d8 tir tir tao ra tinh thé; loc tinh thé, va rira tinh thé ba 14n bing etanol,

va séy chéan khong tinh thé da rira dé thu dwgc chit rin dang bot mau trz"mg dugc xac
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dinh 1 hop chét loai perovskit (CeH14N20)[K(ClO4)3] (DAP-012) véi hiu suat khoéng

30%.

D) thi nhan dang nhiéu xa bét tia X:

Db thi nhifu xa bot tia X & nhiét 36 phong nhu duge minh hoa trén Fig.2, va cac

gid tri dinh dac trung dugc trinh bay trén bang 11.

Bang 11. Gi4 trj dinh dc trung ctia nhiéu xa bot tia X ciia DAP-O12

20/° d A
12,1 7,33
17,1 5,18
21,1 4,22
24,4 3,64
27,3 3,26
28,2 3,17
34,8 2,58
36,5 2,46
37,1 2,42
38,4 2,34
39,8 2,26

Luong khi duoc tao ra bdi DAP-O12 trén s& mol

D6i v6i danh gia vé cac san pham thu duge tir qua trinh nd hoan toan vt liéu

nang lugng trong méi trudng khong ¢ oxy, theo tai liéu (J. Am. Chem. Soc. 2012, 134,

1422; J. Phys. Chem. A. 2014, 118, 4575; Chem. Eur. J. 2016, 22, 1141), c4c san phim

phan huy cudi cing bao gdm céc chét khi nhu nito, halogen hydrua, nuéc va cacbon

dioxit, va cac chat ran nhu clorua kim loai va cacbon nguyén tir (n€u cac nguyén tir oxy

khong du dé chuyén hoa hoan toan tit ci cdc nguyén tir cacbon thanh cacbon dioxit).

Do d6, 1 mol DAP-O12 ¢é thé tao ra 12,5 mol chét khi sau khi nd hoan toan trong moi

truong khong c6 oxy, véi 2,5 mol cacbon nguyén tir va 1 mol kali clorua ran con lai.

Trong diéu kién c¢6 du lugng chit oxy héa (cu thé nhu NH4C104 thuong dugc sir dung)

duoc tron 14n, mbi mol DAP-022 tao ra 1 mol kali clorua ran sau khi nd hoan toan.
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Phuong an thuc hién 7

Téng hop va kiém tra (CeH14N202)[NH4(C1O4)3]

Phuong phap tdng hop:

1) cho 0,34 g 1,4-diazabixyclo[2,2,2]octan vao binh, bd sung chim va tur tir 0,69
g hydro peroxit ndng d6 30% theo khéi lugng & nhiét do thudng, qua d6 thu dugc dung
dich 1,4-diazabixyclo[2,2,2]octan 1,4-dioxit, tiép d6 thém 0,86 g dung dich axit
percloric ndng dd 70-72% theo khéi lwong, va khudy hén hop trong 20 phut;

2) thém 0,41 g kali perclorat vao 20 ml nudc, khudy hdn hop dé hoa tan kali

perclorat;

3) tron cac dung dich thu dugc trong budce 1) va 2), khudy hén hop trong 10 phit,
va giit hdn hop dé tir tir tao ra tinh thé; loc tinh thé, va rira tinh thé ba 14n b%lng etanol;
va sy chan khong tinh thé di rtra dé thu dugc chit rdn dang b6t mau tring dugc xac
dinh 14 hop chét loai perovskit (CsHiaN202)[NH4(ClO4)3] (DAP-024) véi hiéu suét
khoang 30%,

Dd thi nhan dang nhiéu xa bét tia X:

Db thi nhifu xa bot tia X & nhiét d6 phong nhu duge minh hoa trén Fig.2, va cac
gia tri dinh dic trung dugc trinh bay trén bang 12.

Bang 12. Gia tri dinh ddc trung cia nhiéu xa bot tia X ciia DAP-024

20/° d A
11,9 7,46
20,8 4,27
23,4 3,80
24,0 3,70
27,0 3,30
29,6 3,02
34,4 2,61
36,0 2,49
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36,5 2,46
38,4 2,34

Nhiét lwong quét vi sai cia DAP-024:

Pudng cong DSC ciia DAP-024 nhu dugc minh hoa trén Fig.14. C6 thé thay trén
Fig.14: hop chét ning lugng DAP-O24 dang bot & trang thai khong tai theo phurong 4n
thue hién 7 bi phan hity & 357 °C va giai phong mot lugng 16n nhiét (khodng 4632 J/g).

Pic tinh nhay va cham va ma sat cia DAP-O24:

Theo phwong phép kiém tra ciia Vién nghién ctru va thir nghiém vét liéu lién

bang, 40 nhay va cham cia DAP-024 1a khoang 4 J, va 40 nhay ma sat 1a khoang 32 N.

Luong khi duoc tao ra bdi DAP-024 trén s6 mol

Pbi véi danh gia vé cac san phém thu dugc tir qua trinh nd hoan toan vt liéu
ning lugng trong mdi trudng khoéng c6 oxy, theo tai liéu (J. Am. Chem. Soc. 2012, 134,
1422; J. Phys. Chem. A. 2014, 118, 4575; Chem. Eur. J. 2016, 22, 1141), cic san phim
phén huy cudi cling bao gdm céc chit khi nhu nito, halogen hydrua, nuéc va cacbon
dioxit, va cac chat rin nhu cacbon nguyén tir (néu cac nguyén tir oxy khong du dé chuyén
hoa hoan toan tit ca cdc nguyén tir cacbon thanh cacbon dioxit). Do d6, 1 mol DAP-
024 ¢6 thé tao ra 15,25 mol chit khi sau khi nd hoan toan trong moi trudng khong c6
0xy, 2,75 mol cacbon nguyén tr con lai. Trong didu kién c6 da lwong chét oxy héa (cu
thé nhu NH4ClO4 thuong dugce sir dung) duge tron 1an, DAP-024 khdng tao ra du lugng

chat ran sau khi n6 hoan toan.

Phuong an thuc hién 8

Téng hop va kiém tra (C4H12N2)[Na(ClOs)s]

Phuong phép tdng hop:

1) thém 0,87 g piperazin vao 6 ml nudc, tiép d6 thém 1,7 ml dung dich axit
percloric ndng d6 70-72% theo khéi lugng, va khudy hdn hop & nhiét 6 thuong trong
5 phat;
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2) thém 1,24 g natri perclorat vao 7 ml nuéc, khudy hon hop & nhi€t d6 thudng

dé hoa tan natri perclorat;

3) tron c4c dung dich thu dugc trong budce 1) va 2); gia nhiét hén hop dé co dic;

khudy hdn hop dic trong 30 phut; loc hdn hop, va ria cin ba 1An bang etanol; va sy

chan khong cdn da rra dé thu dugc chit rin dang bot mau tréng dugc xac dinh 1a hgp
chét loai perovskit (C4H12N2)[Na(ClO4)3] (ky hiéu PAP-1) vé6i hiéu suit khoang 50%.

Dd thi nhan dang nhiéu xa bét tia X:

D6 thi nhidu xa bot tia X & nhiét dd phong nhu dugc minh hoa trén Fig.15, va

céac gia tri dinh ddc trung dugc trinh bay trén bang 13.

Bang 13. Gié tri dinh dic trung ctia nhiéu xa bot tia X ciia PAP-1

20/° d A
12,6 7,01
21,7 4,09
22,4 3,96
22,7 3,92
24,0 3,70
25,4 3,51
26,8 3,32
27,2 3,27
37,7 2,38
38,4 2,34

Kiém tra dic tinh cAu trtic don tinh thé:

Dit liéu kiém tra tinh thé chi

tiét duoc trinh bay trén bang 14.

Bang 14. Dit liéu kiém tra tinh thé ctia PAP-1

Phic PAP-1
Cong thuc C4H12CI3N2NaO12
Trong lugng cong thirc 409,49
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Nhiét do (K) 298(2)
Heé tinh thé Monoclinic
Nhém khong gian P2y/c
al A 10,1689(4)
b/ A 9,7312(4)
c/ A 13,2985(6)
B/° 91,993(4)
VI A3 1315,17(9)
Z 4
D /g cm™ 2,068
anh phan xa dugc thu thap 11329
anh phan xa duy nhét 2722
Rint 0,1187
R1 [I> 20(D)]# 0,0731
WR [I> 26(D)]™! 0,2007
R (tht ca dix lidu) 0,0788
wR» (t4t ca dit ligu) 0,2103
GOF trén F? 1,0292
Hoan chinh (dit liu) 0,9742

[B1R = 3||Fo| -|Fl/Z|Fo|, PRz = {Ew[(Fo)? -(Fo) 1/Zw[(Fo)*1*}

Dic tinh dn dinh nhiét cia PAP-1:

Duodng cong do nhiét trong cua PAP-1 nhu dugc minh hoa trén Fig.16. Co thé
thdy trén Fig.16: trong diéu kién lugng tii mAu 1a 2,23 mg va tbc do gia nhiét 1a 5

°C/phut, hop chit ning lugng PAP-1 theo phuong 4n thuc hién 8 phat nd & 367 °C.

Nhiét luong quét vi sai cua PAP-1:

buong cong DSC cua PAP-1 nhu dugc minh hoa trén Fig.17. Co thé thy trén
Fig.17: hop chit ning lugng PAP-1 dang bot & trang thai khong tii theo phwong an thuc
hién 8 bi phan hiy & 375°C va giai phong mot luong 16n nhiét (khoang 4685 J/g).

Luong khi duoc tao ra boi PAP-1 trén s6 mol
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N
=z A

Pbi véi danh gia vé cac san phim thu dugc tir qua trinh nb hoan toan vit liu
ning lwong trong moi trudng khong c6 oxy, theo tai liéu (J. Am. Chem. Soc. 2012, 134,
1422; J. Phys. Chem. A. 2014, 118, 4575; Chem. Eur. J. 2016, 22, 1141), cac san phém
phan hiy cubi ciing bao gbm cac chit khi nhu nito, halogen hydrua, nuéc va cacbon
dioxit, va cac chét rin nhu clorua kim loai va cacbon nguyén tir (néu cac nguyén tir oxy
khong di dé chuyén hoéa hoan toan tAt ca cac nguyén tir cacbon thanh cacbon dioxit).
Do d6, 1 mol PAP-1 ¢c6 thé tao ra 11,5 mol chét khi sau khi nd hoan toan trong méi
truong khong c¢6 oxy, véi 0,5 mol cacbon nguyén tir va 1 mol natri clorua rén con lai.
Trong didu kién c6 dt luong chét oxy hoa (cu thé nhu NH4C104 thudng dugc st dung)

duoc tron 13n, mdi mol PAP-1 tao ra 1 mol natri clorua ran sau khi nd hoan toan.

Phuong an thuc hién 9

Téng hop va kiém tra (C4Hi2N2)[NH4(C1O4)3]

Phuong phép tdng hop:

1) thém 0,8 ml nuGe amoniac vao 0,9 ml dung dich axit percloric néng d6 70-
72% theo khéi lugng, khudy hdn hop & nhiét do thuong trong 5 phit, va tiép d6 thém
1,6 ml dung dich axit percloric néng d6 70-72% theo khéi lugng;

2) thém lwong nudc thich hop vao 0,87 g piperazin, va khudy & nhiét d6 thuong

dé hoa tan piperazin;

3) trdn cac dung dich thu dugc trong bude 1) va 2); gia nhiét hén hop dé ¢o dic;
va khuly hdn hop cb dic trong 30 phit; loc hdn hop, rdi rira cin ba 1an béng etanol; va
séy chan khong cdn da rira dé thu dugc chit rin dang bot mau tréng duoc xac dinh 1a
hop chét loai perovskit (CaHi2N2)[NH4(C1O4)s] (ky hiéu PAP-4) véi hiéu sudt khoang
40%.

Nhiét luvong quét vi sai cua PAP-4:

Dudng cong DSC cia PAP-4 nhu dugc minh hoa trén Fig.18. C6 thé thiy trén
Fig.18: hop chét niang lugng PAP-4 dang bot & trang thai khong tai theo phuong 4n thyc
hién 9 bi phan hity & 356 °C va giai phoéng mot lugng 16n nhiét (khoang 3780 J/g).
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Luong khi duoc tao ra béi PAP-4 trén s6 mol

P6i véi danh gia vé céc san phim thu dugc tir qué trinh nb hoan toan vt liéu
nang luong trong moi trudng khong c6 oxy, theo tai ligu (J. Am. Chem. Soc. 2012, 134,
1422; J. Phys. Chem. A. 2014, 118, 4575; Chem. Eur. J. 2016, 22, 1141), c4c san phém
phan hiy cudi ciing bao gbm c4c chit khi nhu nito, halogen hydrua, nuéc va cacbon
dioxit, va céc cht rin nhu cacbon nguyén tir (néu céc nguyén tir oxy khong du dé chuyén
héa hoan toan tit ca cac nguyén tir cacbon thanh cacbon dioxit). Do do, 1 mol PAP-4 ¢c6
th8 tao ra 13,75 mol chét khi sau khi nd hoe‘lh toan trong mdi truong khodng c6 oxy, v6i
1,25 mol cacbon nguyén ti con lai. Trong didu kién c6 du lwong chit oxy héa (cu thé
nhu NH4ClO4 thuong duge st dung) duoc tron 14n, PAP-4 khong tao ra du lugng chét

ran sau khi n6 hoan toan.

Phuong an thuc hién 10

Téng hop va kiém tra (CeH14N2)[K(NO3)s]

Phuong phap téng hop:

1) thém 1,12 g 1,4-diazabixyclo[2,2,2]octan vao lugng nudce thich hop, tiép d6
thém 1,4 ml dung dich axit nitric ndng d 65% theo khéi luong, va khudy hén hop &
nhiét d6 thuong trong 5 phut;

2) thém 1,01 g kali nitrat vao lugng nudc thich hgp, va khudy hdn hop & nhiét do

thuong dé hoa tan kali nitrat;

3) tron cac dung dich thu dugc trong buée 1) va 2), khudy va loc hén hop, rira
cin ba 14n bang etanol, va siy chan khong cin da rira dé thu dugc chit rin dang bot mau
tring duwoc xac dinh 14 hop chét loai perovskit (CeH1aN2)[K(NOs)s] (ky hiéu DAN-2)

v6i hiéu suat khoang 50%,

Pd thi nhan dang nhiéu xa bot tia X:

Do thi nhiéu xa bot tia X & nhiét d6 phong nhu duge minh hoa trén Fig.19, va
céc gia tri dinh déc trung duoc trinh bay trén bang 15.

Bang 15. Gia tri dinh déc trung cua nhiéu xa bot tia X cia DAN-2
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20/° dl A
12,6 7,01
17,9 4,94
22,0 4,03
25,5 3,49
28,6 3,12
31,3 2,85
36,4 2,47
38,7 2,32
40,9 2,21
43,0 2,10

Kiém tra dic tinh ciu tric don tinh thé:

Dit lidu kiém tra tinh thé chi tiét dugc trinh bay trén bang 16.

Bang 16. Dt lidu tinh thé hoc tia X don tinh thé cho DAN-2

Phtrc DAN-2
Cong thirc CsH14NsK Oy
Trong lugng cong thirc 339,32
Nhiét do (K) 298(2)
Hé tinh thé Lap phuong
Nhom khong gian Pm-3m
al A 6,9512(1)
VI A3 335,88(2)
Z 1
D /g cm™ 1,678
anh phan xa dugc thu thép 1919
anh phan xa duy nhét 102
Rint 0,0684
Ri [I>20(D)]" 0,0648
WR [I> 20(D)]™ 0,1700
R (tht ca di liéu) 0,0649
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wR» (t4t ca dit liéu) 0,1702
GOF trén F? 1,046
Hoan chinh (dit liéu) 0,989

IR = X||Fo| -|Fell/S|Fo), PwRa = {Zw[(Fo)? -(Fe)21/Ew[(Fo)*1*}

Pic tinh phd hdng ngoai cia DAN-2:

Phd hdng ngoai cia DAN-2 nhu dugc minh hoa trén Fig.20. C6 thé thdy trén
Fig.20: dinh dic trung cua gbc nitrat 13 dao dong hoéa tri khong d6i xtmg 1385 cm’! va
dao dong bién dang khong déi xtmg 852 cm!.

Dic tinh dn dinh nhiét cia DAN-2:

Pudng cong do nhiét trong cia DAN-2 nhu duge minh hoa trén Fig.21. Co thé
thdy trén Fig.21: trong didu kién luong tai mAu 12 3,33 mg va téc do gia nhiét 1a 5
°C/phut, hop chét ning luong DAN-2 theo phuong an thyc hién 10 bét d4u bi phan hiy
& 177 °C.

Nhiét lwvong quét vi sai cia DAN-2:

Puong cong DSC ctia DAN-2 nhu dugc minh hoa trén Fig.22. Co thé thdy trén
Fig.22: hop chit ning lugng DAN-2 dang bdt & trang thai khong tai theo phuong én
thyc hién 10 bi phan hiy din dan & 177 °C (nhiét gidi phong 1a khoang 1222 J/g).

Pic tinh nhay va cham va ma sat cia DAN-2:

Theo phuong phép kiém tra cta Vién nghién ciru va thir nghiém vat liéu lién

bang, d6 nhay va cham ctia DAN-2 1a khoang 29 J, va d nhay ma sat 1a khoang 360 N.

Phuong an thuc hién 11

Téng hop va kiém tra (CH14N2)[NH4(NO3)s]

Phwong phap téng hop:

1) thém 2,0 ml dung dich axit nitric ndng d6 65% theo khdi lugng vao 0,78 ml

nuéc amoniac ndng dd 28% theo khdi luong, va khuy hdn hop & nhiét do thudng;
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2) thém 1,14 g 1,4-diazabixyclo[2,2,2]octan vao lugng nudce thich hop, va khuay

hdn hop & nhiét dd thudng dé hoa tan 1,4-diazabixyclo[2,2,2]octan;

3) trdn cac dung dich thu dugc trong budce 1) va 2), khudy va loc, rita cin ba lan

bﬁng etanol, va séy chin khong can da rira dé thu duoc chét rin dang bt mau tr’fmg duoc

x4c dinh 12 hop chit loai perovskit hexagon (CeH1aN2)[NH4(NO3)3] (ky higu DAN-4)

v6i hiéu sudt khoang 60%.

Pd thi nhan dang nhiéu xa bot tia X:

Db thi nhifu xa bot tia X & nhiét do phong nhu dugc minh hoa trén Fig.23, va

céc gia tri dinh dic trung dugc trinh bay trén bang 17.

Bang 17. Gia tri dinh dic trung cia nhiéu xa bot tia X cia DAN-4

20/° d A
10,3 8,60
17,7 5,02
20,4 4,35
23,9 3,72
24,8 3,58
27,0 3,30
29,7 3,00
30,5 2,93
32,2 2,78
37,0 2,43

Kiém tra diic tinh cAu triic don tinh thé:

Dit lidu kiém tra tinh thé chi tiét dugc trinh bay trén bang 18.

Bang 18. Dit liéu tinh thé hoc tia X don tinh thé cho DAN-4

Phuc DAN-4
Cong thuc CeHi1sN6Oo
Trong lugng cong thirc 318,26
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Nhiét do (K)

Hé tinh thé
Nhém khong gian
al A
c/ A
VI A3
Z
D. /g cm
anh phan xa dugc thu thap
anh phan xa duy nhét
Rint
Ri [I>20(D)]"
WRy [I> 20(1)]®!
R (tht ca dit lidu)
WR (tAt ca dit lidu)
GOF trén F?
Hoan chinh (dit liéu)

173(2)
Hexagonal
P-62¢
10,0879(1)
7,1304(1)
628,41(2)
2
1,682
10135
484
0,0825
0,0395
0,1235
0,0395
0,1235
1,211
1,000

Pic tinh 8n dinh nhiét cia DAN-4:

Nhiét luong quét vi sai cia DAN-4:

Luong khi duoc tao ra bdi DAN-4 trén sb mol

48

[IR) = X||Fo| -|Fell/ZIFol, PhwRa = {Ew((Fo)? -(Fe) I/zw[(Fo)’T} 1

DPudng cong do nhiét trong cia DAN-4 nhu dugc minh hoa trén Fig.24. Co thé
thdy trén Fig.24: trong didu kién lwong tii miu 1a 6,42 mg va toc d6 gia nhiét 1a 5

oC/phiit, hop chit ning lugng DAN-4 theo phuong an thuc hién 11 bi phén hiy & 167

Pudng cong DSC ctia DAN-4 nhu dugc minh hoa trén Fig.25. C6 thé thy trén
Fig.25: hop chit ning lugng DAN-4 dang bot & trang thai khong tai theo phuong dn
thye hién 11 bat diu bi phan hiy & 170 °C (nhiét gidi phong khoang 1098 J/g).

DP6i v6i danh gid vé cdc san pham thu dugc tir qué trinh n6 hoan toan vét li€u

ning luong trong moi trudng khong co oxy, theo tai liéu (J. Am. Chem. Soc. 2012, 134,
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1422; J. Phys. Chem. A. 2014, 118, 4575; Chem. Eur. J. 2016, 22, 1141), c4c san phém
phéan huy cubi cung bao gdm cac cht khi nhur nito va nuée, va cac chit rin nhu cacbon
nguyén tit (coi nhu cac nguyén tir oxy duge uu tién két hop v6i cac nguyén ti hydro tao
thanh nudc). Do d6, 1 mol DAN-4 ¢6 thé tao ra 12 mol chét khi sau khi nd hoan toan
trong mdi truong khdng c6 oxy, v6i 6 mol cacbon nguyén tir con lai. Trong diéu kién c6
da lugng chét oxy héa (cu thé nhu NH4C104 thudng dugc st dung) duoc tron 14n, DAN-
4 khoéng tao ra du lugng chit rin sau khi nd hoan toan. Pic biét 13, do khong c6 céc
nguyén t6 halogen, DAN-4 khong tao ra khi hydro halogenua sau vu nd, do d6 1am giam

tin hiéu dic trung trong Gng dung thyuc té va giam 6 nhiém moi trudng.

Hop chét ning lugng loai perovskit theo sang ché c6 nhiét phat nd cao, mat do
ning luong cao, tbc do phét nd cao, ap sut nd cao, dd an toan cao va d0 nhay va cham,
ma sat va tinh dién rit thip, vdi dic tinh khong bay hoi, khong phan hity va khong hut
4m. Hop chét c6 thé dugc san xudt theo mé tlr nguyén liéu tho ré tién va sin c6 thong

qua quy trinh tdng hop don gidn ma khong c6 san pham phu.

Hop chit ning lugng loai perovskit theo sang ché c6 thé c6 mot s hidu qua
khong c6 trong k¥ thuat hién nay khi dugc st dung lam vat liéu nang luong nhu thube
nd. Mic di anion perclorat 1a mot phdi tir ning lugng, nhung héu hét cac hop chét chira
perclorat hi¢n nay khong thé dugc st dung 1am vat liéu ning lugng trong thuc té do
nhitng han ché khac nhau (xem “Vét liéu ning lugng cao: Thubc phéng, Chét nb va
Phao hoa”, trang 28, Jai Prakash Agrawal, Nha xuét ban Wiley-VCH, 2010). Cu thé, cac
loai mudi perclorat phd bién nhu natri perclorat va liti perclorat c6 tinh hut 4m cao, con
kali perclorat dugc str dung lam chét chéng oxy héa cho bom chiéu sang, nhung sau d6
n6 da bi phat hién c6 46 nhay va cham qua mirc va d& phat nd trong qué trinh van chuyén.
Nhiét phat nd theo ly thuyét cuiia amoni perclorat, van dugc phan loai 1a thudc nd, chi 1a
1972 J/g, thép hon nhidu so véi mirc nhiét phat nd ciia hop chét ning luong theo sang
ché. Tuy nhién, ngay ca khi hgp chét loai perovskit theo sang ché c6 chira cac phdi tir
nd nhu viy, n6 van ¢6 thé duy tri tinh én dinh nhiét tt va dgc tinh khong hut am, lam
cho né tré thanh vat liéu nang lugng véi do an toan cao va dé dang luu trir. Dong thoi,
do giu phdi tir ning lugng, céc anion ning luong oxy hoa dugc sip xép xen k& va gidm
céc cation hitu co trong khong gian, mat do tinh thé cao, kha ning nd tirc thdi manh mé,

mét d6 ning luong cao, va nhiét phat nd, ap sut phat nd va tbc do phét nd cao, hop chét
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ning lwong loai perovskit, dudi dang thuoc no, da tao ra mot budc nhay vot vé hi€u suat

so voi k¥ thudt hién nay.

Céc phuong an thyc hién vu tién dugc d& mo ta trén ddy nhdm muc dich 1am rd
sang ché, nhung sang ché khong bi gidi han bdi cac phuong 4n thue hién dugc md ta.
Bt ky bién thé, sira dbi, thay thé, két hop va don gian hoa nao khac duge thyc hién ma

khong nim ngoai tinh than va ly thuyét ciia sing ché déu thudc pham vi cia séang ché.
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YEU CAUBAO HO

1. V4t liéu ning lwong bao gdm hop chét loai perovskit ABXs, trong d6 X trong

hop chét loai perovskit it nhit 1a mot phéi tir nang lwong anion.

2. Vit liéu nang luong theo diém 1, trong d6 X it nhét 12 mot phdi tir ning hrong

anion oxy hoa.

3. Vit liéu nang luong theo diém 1, trong d6 X it nhét 12 mot phdi tir ning lugng

anion hoéa tri mat.

4. Vit liéu nang luong theo diém 1, trong d6 X it nhat 1a mot phéi tir ning lwong

chira halogen.

5. Vat liéu nang lugng theo diém 1, trong d6 phéi tir ning lugng anion 1a Cl104-,
BrOs, 104, NOs~, ONC- hoiic N(NO:)2~, hoic t& hop bét ky ciia chiing.

6. Vat liéu ning luong theo diém 5, trong d6 phdi tir ning lwgng anion 1a Cl04",

BrO., 10+~ hodc NOs~, hoic tb hop bét ky cda ching.

7. Vit liéu ning luong theo diém 5, trong d6 phéi tir nang lwong anion 1a ClO4,

BrOs~ hoic 1047, hoic t& hop bét ky ciia ching.

8. Vit liéu ning luong theo diém 5, trong d6 phéi tir ning lugng anion 1a ClO4

hodc 104, hoic td hop cua ching.

9. V4t lidu ning lugng theo diém 5, trong d6 phéi tir niang lwong anion 13 ClO4

hoiic NOs~, hoic t6 hop cia ching.
10. V4t liéu ning luong theo diém 5, trong d6 phdi tir ning lugng anion 1a C1O4™.
11. Vat liéu ning lwong theo diém 5, trong d6 phdi tir nang lrgng anion 1a NOs™.
12. Vit liéu nang luong theo diém bat ky 1-11, trong d6 A 14 cation hitu co.
13. Vit liéu ning lugng theo diém bat ky 1-11, trong d6 A 13 cation hitu co khir.

14. Vat liéu ning luong theo diém bat ky 1-11, trong d6 A 13 cation hitu co chira
nito.
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15. Vit li€u nang lugng theo diém bét ky 1-11, trong d6 A 1a cation hitu co di

vong chira nito.

16. Vit liéu ning luong theo diém bat ky 1-11, trong d6 A 14 cation hitu co di

vong sau phan tir chira nito.

17. Vit lidu ning lugng theo diém bit ky 1-11, trong d6 A 12 cation hitu co hoéa

tri hai.

18. Vat liéu ning luong theo diém bét ky 1-11, trong d6 A it nhét 13 mot cation

hitu co chira nito hoa tri hai.

19. Vit liéu nang luong theo diém bét ky 1-11, trong d6 A it nhat 13 mot cation

hitu co di vong chita nito hoa tri hai.

20. Vat lidu ning luong theo diém bét ky 1-11, trong d6 A it nhét 13 mét cation

hitu co di vong sau phan tir chira nito hoa trj hai.

21. Vit liéu ning luong theo didm bit ky 1-11, trong d6 A 1a phan tir gdc cation

hitu co la:
H H
| l
N N
+ s +
N N
| l
H 1,4-diazabixyclo[2,2,2]octan-1,4-diium, H pyrazin-1,4-diium,
S T
N N
/\ |
H H H

piperazin-1,4-diium, 1-hydroxy-1,4-diazabixyclo[2,2,2]octan-1,4-

diium,
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C{)H
N

|
OH 1 ,4-dihydroxy-1,4-diazabixyclo[2,2,2]octan-1,4-diium,

N +
NH
2 3
i, ( 7/
\ / .. .. HoN—N . .
imidazol-1,4-diium, * 3-amonio-1H-1,2,4-triazol-1-
ium,
+
NH3
+
N "
HoN d \Y 3
N—N 5-amonio-2H-tetrazol-2-ium, xyclohexan-1,2-
diaminium,
Ho

N

+
+ . NH’& e
HgN\//\ 4
2-amoniopyrrolidin-1-ium, hodc NHs etan-1,2-diaminium;

hoic din xuét ciia chung, trong d6 cac din xut ¢ nguyén tir hydro trong phan tir gbe

cation hitu co duge thé béi it nhit mot phdi tir thé.

22. Vit lidu ning luong theo diém bit ky 1-11, trong d6 A 1a phan i gbc cation

hitu co, la:
H H
| l
N N
+ s + |
N N
l !
H 1,4-diazabixyclo[2,2,2]octan-1,4-ditum, H pyrazin-1,4-diium,
WA o
\N/ N
i N
/\ |
H H

piperazin-1,4-diium, 1-hydroxy-1,4-diazabixyclo[2,2,2]octan-1,4-diium,
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hodc

C!)H
N
+
)
OH 1,4-dihydroxy-1,4-diazabixyclo[2,2,2]octan-1,4-diium; hodc din xuit cua

chiing, trong d6 cac din xuét c6 nguyén tit hydro trong phan ti gbc cation hitu co dugc

thé boi it nhat mot phbi tir thé.

23. Vit liéu niang lugng theo diém 21 hoic 22, trong d6 it nhét mot phéi tr thé &
tirmg trudng hop 1a metyl, etyl, isopropyl, butyl bac ba, hydroxy, cacbonyl, carboxyl,
halogen, thiol, sulfhydryl, phdi tir azo hoic nitryl.

24. Vat li€u nang lugng theo diém bAt ky 1-11, trong d6 A 1la 14-
diazabixyclo[2,2,2]octan-1,4-diium, piperazin-1,4-diium, 1-hydroxy-1,4-
diazabixyclo[2,2,2]octan-1,4-diilum hodc 1,4-dihydroxy-1,4-diazabixyclo[2,2,2]octan-
1,4-diium, hodc t5 hop bét ky clia ching.

25. Vat liéu ning luong theo diém 24, trong d6 A 14 1,4-diazabixyclo[2,2,2]octan-
1,4-diium, 1-hydroxy-1,4-diazabixyclo[2,2,2]octan-1,4-diium hodc 1,4-dihydroxy-1,4-
diazabixyclo[2,2,2]octan-1,4-ditum, hodc td hop bét ky cia ching.

26. Vit lidu nang luong theo diém 24, trong d6 A 1a 1,4-diazabixyclo[2,2,2]octan-
1,4-dijum hogc 1,4-dihydroxy-1,4-diazabixyclo[2,2,2]octan-1,4-diium, hoic t5 hop ctia

chung.

27.Vatliéu ning lugng theo diém 24, trong d6 A 1a 1,4-diazabixyclo[2,2,2]octan-

1,4-diium.
28. Vat li¢u nang luong theo diém 24, trong d6 A 1a piperazin-1,4-diium.

29. Vit lidu ning lugng theo diém 24, trong d6 A 13 1-hydroxy-1,4-
diazabixyclo[2,2,2]octan-1,4-diium.

30. Vat liéu ning lugng theo diém 24, trong d6 A 13 1,4-dihydroxy-1,4-
diazabixyclo[2,2,2]octan-1,4-diium.
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31. Vat liéu ning lugng theo diém bét ky 1-30, trong d6 B 1a ion 1a ion kim loai

kiém hodc NH4*, hodc t0 hop cta ching.

32. Vét liéu nang luong theo diém 31, trong d6 B 1a Na*, K*, Rb* hodc Cs*, hodc
td hop bat ky cia ching.

33. Vit liéu ndng lugng theo diém 31, trong d6 B 1a Na*, K* hodc Rb*, hodc td
hop bét ky ctia chiing.

34. Vit liéu nang lugng theo diém 31, trong d6 B 1a Na*, K* hoic NH4*, hodc td
hop bt ky ciia chiing.

35. V4t liéu ning luong theo diém 31, trong d6 B 1a Na* hodc NH4*, hodc t6 hop

cua chung.
36. Vit liéu nang luong theo diém 31, trong d6 B 1a Na*.
37. Vit liéu ning luong theo diém 31, trong d6 B 1a K*.
38. Vit liéu ning luong theo diém 31, trong d6 B 1a Rb*,
39. Vit liéu ning lwong theo diém 31, trong d6 B 1a NH.".
40. Vat liéu nang luong theo diém bt ky 1-39, trong d6 trong ABXG,

A 13 cation hitu co 1a 1,4-diazabixyclo[2.2.2]octan-1,4-diium, pyrazin-1,4-diium,
piperazin-1,4-diium, 1-hydroxy-1,4-diazabixyclo[2.2.2]octan-1,4-diijum hodc 1,4-
dihydroxy-1,4-diazabixyclo[2.2.2]octan-1,4-diium; hodc dan xuét cua cation hitu co,
trong d6 cac dan xuét c6 nguyén tir hydro trong cation hitu co duge thé béi it nhat mot

phdi tir thé; hoic td hop bat ky ctia chiing;
B 1a Na*, K*, Rb* hoiic NH., hoiic t& hop bat ky ctia chiing; va
X 12 ClO4, BrO4-, hoidc 1047, hoic td hop bat ky clia chiing.

41. Vit liéu niang luong theo diém bat ky 1-40, trong d6 khi hop chét loai
perovskit ABXs chira nhém perclorat, dinh dic trung ctia phd hép thu hong ngoai ciia
nhém perclorat ndm trong khoang tir 1070~1100 cm™ va 617~637 cm™;
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khi hop chét chira nhém nitrat, dinh dic trung cla phd hép thu hdng ngoai cta

nhém nitrat ndm trong khoang tir 1375~1390 cm™ va 845~860 cm™;

khi trong hé 1ap phuong, gbc 26 dinh vi cac dinh dic trung cta hé nhiéu xa bot
tia X 1a khoang: 12,1+0,70°, 21,1+1,00° va 24,4+1,20°; hon nita, géc 20 dinh vi cac dinh
dic trung cua hé nhifu xa bot tia X 1a khoang: 12,1+0,70°, 21,1+1,00°, 24,4+1,20°,
27,4+1,30° va 36,57+0,88°; hodc

khi trong hé don nghiéng, gbéc 26 dinh vi cac dinh dic trung clia hé nhifu xa bot
tia X 1a khoang: 12,6+0,5°, 21,7+0,5°, 22,4+0,5°, 22,7+0,5°, 25,4+0,5° va 26,8+0,5°;
hon nfta, goc 26 dinh vi cac dinh dic trung cua hé nhidu xa bot tia X 1a khoang:
12,6+0,5°,21,7+0,5°, 22,4+0,5°, 22,7+0,5°, 25,4+0,5°, 26,8+0,5°, 27,2+0,5°, 37,7+0,5°
va 38,4+0,5°; hoac

khi trong hé luc phén, goc 26 dinh vi cdc dinh dic trung cia hé nhiéu xa bot tia
X 1a khoang: 17,7+0,5°, 20,4+0,5°, 23,9+0,5°, 24,8+0,5°, 29,7+0,5° va 30,5+0,5°; hon
nita, goc 20 dinh vi cac dinh dic trung cua hé nhiéu xa bdt tia X 13 khoang: 10,3+0,5°,
17,7+0,5°, 20,4+0,5°, 23,9+0,5°, 24,8+0,5°, 27,0+0,5°, 29,7+0,5°, 30,5+0,5° va
32,24+0,5° va 37,0+0,5.

42. Phuong phép thu nhén vét liu ndng lugng bao gbm hop chét loai perovskit

ABXs, bao gdbm céc budc:

thém thanh phén A, thanh phan B va thanh phin X vao hé théng phan tng léng
theo thir ty bat ky dé phan tmg.

43. Phuong phéap theo diém 42, trong d6 hé phan tmg 16ng 12 dung moi phan cuc
d& hoa tan thanh phin A, thanh phin B va thanh phan X; va

trong d6 phuong phép con bao gdm céc bude:

1) thém thanh phin A vao dung méi phan cuc, sau d6 thém thanh phin X va
khudy déu;

2) hoa tan thanh phan B vao dung méi phén cuc; va
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3) trdn dung dich thu dugc & bude 1) v6i dung dich thu duge & budce 2) dé thuc

hién phan tng.

44. Phuong phép theo diém 43, trong d6 dung méi phan cyc la nudc, etanol hodc

metanol, hodc hdn hop bat ky cia ching.
45. Phuong phap theo diém 44, trong d6 dung mdi phan cyc 12 nuéc.
46. Phuong phap theo diém bat ky 42-45, trong d6 thanh phan A 1a:

hop chét hiru co bao gdm: 1,4-diazabixyclo[2.2.2]octan, pyrazin, piperazin, 1,4-
diazabixyclo[2.2.2]octan 1-oxit, hodc 1,4-diazabixyclo[2.2.2]octan 1,4-dioxit; hodc

mudi hitu co chira cation hitu co bao gdm: 1,4-diazabixyclo[2.2.2]octan-1,4-
diium, pyrazin-1,4-diium, piperazin-1,4-diium, 1-hydroxy-1,4-
diazabixyclo[2.2.2]octan-1,4-diium, ho#c 1,4-dihydroxy-1,4-diazabixyclo[2.2.2]octan-

1,4-diium; hoéac

dan xuét cta hop chét hiru co hodc mudi hitu co, trong d6 cac din xuat c6 nguyén
tir hydro trong hop chét hitu co hoic cation hitu co trong mudi hitu co duge thé béi it

nhét mot phéi ttr thé; hodc
t6 hop bét ky cta ching.

47. Phuong phép theo diém 46, trong d6 thanh phin A 13 14-
diazabixyclo[2.2.2]octan hodc din xuét cia no, piperazin hodc din xuét cua né, 1,4-
diazabixyclo[2.2.2]octan 1-oxit hodc dAn xuét cia né, 1,4-diazabixyclo[2.2.2]octan 1,4-
dioxit hodc din xuét cia n6, mudi hitu co chira 1,4-diazabixyclo[2.2.2]octan-1,4-diium
hodc din xuit ciia né, mudi hiru co chira pyrazin-1,4-diium hodc dan xuét cta nd, mudi
hitu co chira piperazin-1,4-diium hodc din xuét ciia n6, mudi hiru co chtra 1-hydroxy-
1,4-diazabixyclo[2.2.2]octan-1,4-diium hodc dan xuét cia no, hoic mudi hitu co chira
1,4-dihydroxy-1,4-diazabixyclo[2.2.2]octan-1,4-diium hodc din xuét cua nd, hoic td

hop bét ky ctia chiing.

48. Phuong phap theo diém 46, trong d6 thanh phin A 13 14-

diazabixyclo[2.2.2]octan hodc din xuét ctia no, piperazin hodc din xuét cua né, 1,4-
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diazabixyclo[2.2.2]octan 1-oxit hodic din xuét ciia no, 1,4-diazabixyclo[2.2.2]octan 1,4-

dioxit hodc din xuit ciia no, hodc t6 hgp bat ky cia chung.

49. Phwong phap theo diém 46, trong d6 thanh phin A 13 14
diazabixyclo[2.2.2]octan hodc din xuét chia né, 1,4-diazabixyclo[2.2.2]octan 1-oxit
hodc din xuét cua no, 1,4-diazabixyclo[2.2.2]octan 1,4-dioxit hodc din xuit cia no,
mubi hitu co chira 1,4-diazabixyclo[2.2.2]octan-1,4-diium hodc din xuét cia nd, mudi
hitu co chira piperazin-1,4-ditum hozc dén xut ciia né, mudi hitu co chira 1-hydroxy-
1,4-diazabixyclo[2.2.2]octan-1,4-diium hodc din xuét ctia nd, hodc mudi hitu co chira
1,4-dihydroxy-1,4-diazabixyclo[2.2.2]octan-1,4-diium hoic din xuét cta né, hoic td
hop bat ky ctia chiing.

50. Phuong phdp theo dim 46, trong d6 thanh phin A 13 14-
diazabixyclo[2.2.2]octan hodc din xuit cua nd, 14-diazabixyclo[2.2.2]octan 1-oxit
hodc din xuét cia no, hoic 1,4-diazabixyclo[2.2.2]octan 1,4-dioxit hodc din xuit cua

n6, hoic td hop bét ky ctia chiing.

51. Phwong phdp theo dim 46, trong d6 thanh phin A 13 14-
diazabixyclo[2.2.2]octan hodc din xuét ciia nd, 1,4-diazabixyclo[2.2.2]octan 1,4-dioxit
hodc dan xuét cia n6, mubi hitu co chira 1,4-diazabixyclo[2.2.2]octan-1,4-diium hodc
dan xuét cta nd, hoic mudi hitu co chira 1,4-dihydroxy-1,4-diazabixyclo[2.2.2]octan-

1,4-diium hoic din xuat ciia né, hoic td hop bat ky clia chung.

52. Phuwong phép theo dim 46, trong d6 thanh phin A 1a 14-
diazabixyclo[2.2.2]octan hodc din xuét cia no, hoic 1,4-diazabixyclo[2.2.2]octan 1,4-

dioxit hozic din xuét ciia né, hoidc t6 hop bat ky cia chung.

53. Phuong phdp theo diém 46, trong d6 thanh phin A 13 14-
diazabixyclo[2.2.2]octan hodc din xuit cia no, hoic mudi hitu co chia 1,4-

diazabixyclo[2.2.2]octan-1,4-ditum hoic din xuét ctia n6, hoic t& hop bét ky cia chung.

54. Phuong phdp theo diém 46, trong d6 thanh phin A 13 14-

diazabixyclo[2.2.2]octan hodc din xuét clia né.
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55. Phwong phép theo diém 46, trong d6 thanh phin A 13 14-
diazabixyclo[2.2.2]octan.

56. Phuong phép theo dim 46, trong d6 thanh phin A 1a 14-
diazabixyclo[2.2.2]octan 1-oxit hoic din xuét cia nod, hoic mudi hiru co chua 1-
hydroxy-1,4-diazabixyclo[2.2.2]octan-1,4-diium hodc din xuét ctia né, hogc t6 hop bit

ky cua chung.

57. Phuong phdp theo dim 46, trong d6 thanh phin A 1a 14

diazabixyclo[2.2.2]octan 1-oxit hozic dAn xuét ctia n6, hodc t6 hop bt ky cia chung.

58. Phuong phép theo diém 46, trong d6 thanh phin A 1a 14-
diazabixyclo[2.2.2]octan 1-oxit.

59. Phuwong phdp theo didm 46, trong d6 thanh phin A 13 1,4-
diazabixyclo[2.2.2]octan 1,4-dioxit hosic din xuét ctia n6, hodc mudi hitu co chira 1,4-
dihydroxy-1,4-diazabixyclo[2.2.2]octan-1,4-diium hodc din xuét cta no, hoic td hop

bét ky cta chiing.

60. Phuong phdp theo diém 46, trong d6 thanh phin A 1a 14-

diazabixyclo[2.2.2]octan 1,4-dioxit hodc din xuit ctia n6, hoic td hop bit ky ctia chiing.

61. Phuwong phép theo diém 46, trong d6 thanh phan A 1a 14-
diazabixyclo[2.2.2]octan 1,4-dioxit.

62. Phuong phép theo diém 46, trong d6 thanh phén A 13 piperazin hodc din xuét
clia nd, hodc mubi hitu co chira piperazin-1,4-diium ho#c din xuét ctia nd, hoic tb hop

bét ky ctia chiing.

63. Phuong phép theo diém 46, trong d6 thanh phan A 14 piperazin hodc din xut

ctia né, hoc t6 hop bat ky cia ching.
64. Phuong phap theo diém 46, trong d6 thanh phan A 14 piperazin.
65. Phuong phap theo diém bt ky 42-64, trong d6 thanh phan B chira cation, va

cation 1a ion kim loai kiém hodc NH4*, hodc t6 hop cia chung.
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66. Phuong phép theo diém 65, trong d6 cation 1a Na*, K*, Rb* hoic NH.*, hoic

I =

t6 hop bit ky cia ching.

67. Phuong phap theo diém 65, trong d6 cation 1a Na*, K*, Rb* hogc Cs*, hodc tb
hop bét ky ctia ching.

68. Phuong phép theo didm 65, trong d6 cation 14 Na*, K* hoic Rb*, hoic td hop
bét ky ctia chiing.

69. Phuong phép theo didm 65, trong d6 cation 1a Na*, K* hoic NH4*, hoic tb
hop bt ky ciia ching.

70. Phuong phap theo diém 65, trong d6 cation 12 Na* hoic NH4*, hoic t6 hop

cta ching.
71. Phuong phép theo diém 65, trong d6 cation 13 Na*.
72. Phuong phép theo diém 65, trong d6 cation 1a K*.
73. Phuong phép theo diém 65, trong d6 cation 1a Rb*.
74. Phuong phéap theo diém 65, trong d6 cation 1a NH4*.

75. Phuong phap theo diém bét ky 42-64, trong d6 thanh phin B 12 mudi amoni,
mudi natri, mudi kali, mudi rubidi, mudi xési, kiém amoni, kiém natri, kiém kali, kiém

rubidi hozic kiém xési, hoic td hop bét ky cia chung.

76. Phuong phap theo diém 75, trong d6 thanh phan B 1a mudi amoni, mudi natri,
mudi kali, mubi rubidi, kiém amoni, kiém natri, kiém kali hozc kiém rubidi, hoic t& hop

bat ky cta chung.

77. Phuong phép theo diém 75, trong d6 thanh phin B 13, mudi natri, mudi kali,
mubi rubidi, mudi xési, kiém natri, kiém kali, kiém rubidi hozc kiém xési, hoic t6 hop

bat ky clia chiing.

78. Phuong phéap theo diém 75, trong d6 thanh phan B 12 mudi natri, mudi kali,

muoi rubidi, kiém natri, kiém kali hodc ki€m rubidi, hodc t6 hop bat ky cuia ching.
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79. Phuong phép theo diém 75, trong d6 thanh phin B 12 mudi amoni, mubi natri,

mudi kali, kiém amoni, kiém natri ho#c kiém kali, hodc t6 hgp bat ky cia chiing.

80. Phwong phép theo diém 75, trong d6 thanh phan B 12 mubi amoni, mudi natri,

ki€ém amoni hodc ki€ém natri, hodc t0 hgp bat ky ctuia chung.

81. Phuong phép theo didm 75, trong d6 thanh phan B 13 mubi amoni hoic kiém

amoni, hoic t& hop bat ky cia chung.

82. Phuong phap theo diém 75, trong d6 thanh phan B 12 mubi natri hozc kiém
natri, hoic t& hop bat ky cia ching.

83. Phuong phép theo diém 75, trong d6 thanh phin B 13 mudi kali hozc kiém
kali, hodc td hop bat ky cia ching.

84. Phuong phép theo diém 75, trong d6 thanh phan B 13 mubi rubidi hodc kiém
rubidi, hoic & hop bét ky ctia chung.

85. Phwong phép theo diém bét ky 42-84, trong d6 thanh phin X 13 axit giau ning
lwong chira halogen hodc mubi giau ning luong chira halogen, hodc t& hop bét ky. ciia

chung.

86. Phuong phap theo diém bét ky 42-84, trong d6 thanh phan X chira anion, va
anion 12 ClO4~, BrO4, I04~, NOs~, ONC- hoic N(NO:)=-, hoic t6 hop bat ky ctia chung.

87. Phuong phap theo diém 86, trong d6 anion 1a ClO4~, BrO4, IO+~ hoic NOs~,
hoic t6 hop bét ky cia ching.

88. Phuong phap theo diém 86, trong d6 anion 1a C104~, BrOs+~ hoic 1047, hoic
t6 hop bét ky cta ching.

89. Phuong phép theo diém 86, trong d6 anion 14 ClO4+ hozc 1047, hodc td hop

cta chung.

90. Phuong phap theo diém 86, trong d6 anion 13 C104 hodc NOs~, hoic t6 hop

cua chung.

91. Phwong phap theo diém 86, trong d6 anion 1a ClO4~.
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92. Phwong phap theo diém 86, trong d6 anion 1a NOs~.

93. Phuong phap theo diém bt ky 42-84, trong d6 thanh phan X 13 axit percloric,
axit perbromic, axit periodic, axit nitric, perclorat, perbromat, periodat hodc nitrat, hodc

t6 hop bét ky ctia chiing.

94, Phuong phap theo diém 93, trong d6 thanh phan X 13 axit percloric, axit
perbromic, axit periodic, perclorat, perbromat hodc periodat, hodc td hop bat ky cua

ching.

95. Phwong phap theo diém 93, trong d6 thanh phin X 13 axit percloric, axit

periodic, perclorat hoic periodat, hoic td hop bat ky ctia ching.

96. Phuong phap theo diém 93, trong d6 thanh phan X 13 axit percloric, axit nitric,

perclorat hodc nitrat, hoic t hop bét ky ciia chung.

97. Phuong phap theo diém 93, trong d6 thanh phén X 1a axit percloric hodc
perclorat, hoic t6 hop bat ky ctia chiing.

98. Phuong phép theo diém 93, trong d6 thanh phan X 13 axit nitric hoc nitrat,
hoic t6 hop bét ky ctia chiing.

99. Chét nd, thude phong, nhién li€u tén Itra hodc chét tao khi cua tai khi an toan,

bao gém vit liéu nang lugng theo bit ky 1-41.
100. Hop chét loai perovskit ABXs, trong d6
B trong hop chit loai perovskit 1a NHs*, va
X trong hop chit loai perovskit it nhét 1a mét phdi tir ning lwong anion.

101. Hop chat theo diém 100, trong d6 X it nhéit 12 mot phdi tir ning lwong anion

oxy hda.

102. Hop chit theo diém 100, trong d6 X it nhit 1 mot phdi tir ning lwong anion

hoa tri mot.
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103. Hop chét theo diém 100, trong d6 X it nhét 13 mot phdi tir ning lrong chira

halogen.

104. Hop chét theo diém 100, trong d6 phbi tir nang luwong anion 12 C104~, BrO4,
104+, NOs~, ONC- hodc N(NO2):~, hoic td hop bt ky cia chiing.

105. Hop chét theo diém 104, trong d6 phdi tir ning lrong anion 1a C104~, BrO«4,
104 hodc NOs, hodc td hop bét ky cua ching.

106. Hop chét theo diém 104, trong d6 phéi tir ning Iwong anion 1 ClO4~, BrO4+™
hodc 104, hodc t6 hop bat ky cuia chung.

107. Hop chét theo diém 104, trong d6 phéi tir ning lwgng anion 1a ClOs hoic
104, hoic t& hop cia ching.

108. Hop chét theo diém 104, trong d6 phéi tir ning lwgng anion 1a Cl104 hoic
NOs~, hodc tb hop ctia ching.

109. Hop chét theo diém 104, trong d6 phbi tir ning lugng anion 1a C1O4~.

110. Hop chét theo diém 104, trong d6 phdi tir ning lwgng anion 1a NOs™.

111. Hop chét theo diém bat ky 100-110, trong d6 A 1a cation hiru co.

112. Hop chét theo diém bét ky 100-110, trong d6 A 14 cation hitu co khir.

113. Hop chét theo diém bt ky 100-110, trong d6 A 13 cation hitu co chia nito.

114. Hop chét theo diém bat ky 100-110, trong d6 A 14 cation hitu co dj vong

chtira nito.

115. Hop chét theo diém bat ky 100-110, trong d6 A 14 cation hitu co di vong sdu

phén tir chira nito.
116. Hop chét theo diém bat ky 100-110, trong d6 A 1a cation hitu co héa tri hai.

117. Hop chét theo diém bt ky 100-110, trong d6 A it nhét 13 mdt cation hitu co

chtra nito hoéa tri hai.
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118. Hop chét theo diém bét ky 100-110, trong d6 A it nhét 1a mét cation hifu co

di vong chtra nito hoa tri hai.

119. Hop chét theo diém bt ky 100-110, trong d6 A it nhat 1a mdt cation hitu co

di vong sau phan tir chira nito héa tri hai.

120. Hop chit theo didm bt ky 100-110, trong d6 A 13 phén tir gbc cation hitu

co la:
H H
I l
N N
[-*' \+
N N
| !
Hoq ,4-diazabixyclo[2,2,2]octan-1,4-diium, H pyrazin-1,4-diium,
iy o
\N/ E é j
[ ﬁj N
/ \
H piperazin-1,4-diium, Ho -hydroxy-1,4-diazabixyclo[2,2,2]octan-1,4-
diium,
OH

|

N

)
OH 1,4-dihydroxy-1,4-diazabixyclo[2,2,2]octan-1,4-diium,

N _NH
+ 3
Hzgl'/\NHg (/ W/
\ / .. . HoN—N . .
imidazol-1,4-diium, + 3-amonio-1H-1,2,4-triazol-1-
um,
NH3
HaN

N—N 5-amonio-2 H-tetrazol-2-ium, xyclohexan-1,2-
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diaminium,

Hy
N

+
S *
HaN *
2-amoniopyrrolidin-1-ium, hodc S NH3 etan-1,2-diaminium;

hoiic din xudt cua ching, trong d6 cac dan xuit cé nguyén tir hydro trong phén tir gbc

cation hitu co dugc thé bai it nhit mot phéi tir thé.

121. Hop chét theo didm bét ky 100-110, trong d6 A 14 phan tir gc cation hitu

co, la:

H H
| |
N N
. N
N N
| |
H 1,4-diazabixyclo[2,2,2]octan-1,4-diium, H pyrazin-1,4-diium,
W oH
\N/ [éj
(&j N
/\
H H piperazin-1,4-ditum, H 1-hydroxy-1,4-diazabixyclo[2,2,2]octan-1,4-diium,
hoic
OH

!
N
i
OH 1,4-dihydroxy-1,4-diazabixyclo[2,2,2]octan-1,4-diium; hodc din xuit cia

chiing, trong d6 cac dan xut c6 nguyén tir hydro trong phén tir gbc cation hitu co dugc

thé béi it nhat mot phéi tir thé.

122. Hop chét theo diém 120 hodc 121, trong d6 it nhit mot phdi tir thé & timg
truong hop 1a metyl, etyl, isopropyl, butyl bac ba, hydroxy, cacbonyl, carboxyl, halogen,
sulfhydryl, peroxyl, phéi tit azo hodc nitryl.
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123. Hop chét theo diém bdt ky 100-110, trong d6 A 1a 14-
diazabixyclo[2,2,2]octan-1,4-diium, piperazin-1,4-diium, 1-hydroxy-1,4-
diazabixyclo[2,2,2]octan-1,4-diium ho#c 1,4-dihydroxy-1,4-diazabixyclo[2,2,2]octan-
1,4-diium, hodc t6 hop bit ky ctia chiing.

124. Hop chét theo diém 123, trong d6 A 13 1,4-diazabixyclo[2,2,2]octan-1,4-
diilum, 1-hydroxy-1,4-diazabixyclo[2,2,2]octan-1,4-diijum hodc 1,4-dihydroxy-1,4-
diazabixyclo[2,2,2]octan-1,4-diium, hodc td hop bét ky cua chung.

125. Hop chéit theo diém 123, trong d6 A 1a 1,4-diazabixyclo[2,2,2]octan-1,4-
diium hodc 1,4-dihydroxy-1,4-diazabixyclo[2,2,2]octan-1,4-diium, hodc tb hop cua

chung.

126. Hop chét theo diém 123, trong d6 A 1a 1,4-diazabixyclo[2,2,2]octan-1,4-

diium.
127. Hop chét theo diém 123, trong d6 A 1a piperazin-1,4-diium.

128. Hop chit theo diém 123, trong d A 1a 1-hydroxy-1,4-
diazabixyclo[2,2,2]octan-1,4-diium.

129. Hop chit theo diém 123, trong d6 A 1a 1,4-dihydroxy-1,4-
diazabixyclo[2,2,2]octan-1,4-diium.

130. Hop chét theo diém bét ky 100-129, trong d6 khi hop chat loai perovskit
ABX; chita nhém perclorat, dinh dic trung cta phd hép thu hong ngoai ctia nhém
perclorat nim trong khoang tir 1070~1100 cm™ va 617~637 cm™;

khi trong h¢ 18p phuong, goc 26 dinh vi cac dinh dic trung ctiia hé nhiéu xa bot
tia X lakhoang: 12,1+0,70°, 21,14+1,00° va 24,4+1,20°; hon nita, géc 26 dinh vi cac dinh
déc trung cua hé nhiéu xa bot tia X 1a khoang: 12,1+0,70°, 21,14+1,00°, 24,4+1,20°,
27,4+1,30° va 36,57+0,88°; hodc

khi trong hé don nghiéng, goc 26 dinh vi cac dinh dic trung ctia hé nhiu xa bot
tia X 1a khoang: 12,6+0,5°, 21,7+0,5°, 22,4+0,5°, 22,7+0,5°, 25,4+0,5° va 26,8+0,5°;

hon nita, goc 26 dinh vi cac dinh ddc trung clia hé nhiéu xa bot tia X 1a khoang:
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12,640,5°, 21,7+0,5°, 22,4+0,5°, 22,7+0,5°, 25,4+0,5°, 26,8+0,5°, 27,2+0,5°, 37,7+0,5°
va 38,4+0,5°; hodc

khi trong hé luc phén, goc 20 dinh vi cac dinh ddc trung cta hé nhiu xa bt tia
X 1a khoang: 17,7+0,5°, 20,4+0,5°, 23,9+0,5°, 24,8+0,5°, 29,7+0,5° va 30,5+0,5°; hon
ntta, goc 20 dinh vi cac dinh dic trung cia heé nhiéu xa bt tia X 1a khoang: 10,3+0,5°,
17,7+0,5°, 20,4+0,5°, 23,9+0,5°, 24,8+0,5°, 27,0+0,5°, 29,7+0,5°, 30,5+0,5° va
32,24+0,5° va 37,0+0,5°.

131. Hop chét theo didm bat ky 100-130, trong d6 hop chét dugc st dung lam

vat liéu nang lugng.

132. Hop chét theo didm bét ky 100-130, trong d6 hop chat dugce sir dung 1am

chét nd, thube phéng, nhién li€u tén ltra hodc chét tao khi cua tai khi an toan.
133. Phuong phép thu nhén hop chét loai perovskit ABX3, bao gdm céc budc:

thém thanh phin A, thanh phin B va thanh phin X vio hé théng phan mg 1éng
theo thir tw bit ky, dé phan tng,

trong d6 thanh phan B bao gdbm NH.*,

134. Phuong phép theo diém 133, trong d6 hé phan tng 16ng 13 dung moi phan
cuc dé hoa tan thanh phén A, thanh phin B va thanh phan X; va

trong d6 phuong phap con bao gdm céc budec:

1) thém thanh phan A vao dung mdi phan cuc, sau d6 thém thanh phin X va
khudy déu;

2) hoa tan thanh phan B vao dung méi phan cuc; va

3) tron dung dich thu dugc & budce 1) véi dung dich thu duge & bude 2) dé thuc

hién phan tng.

135. Phuong phép theo diém 134, trong d6 dung mdi phan cuc 1a nude, etanol

hoic metanol, hoic t6 hop bat ky cila chiing.
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136. Phuong phép theo diém 135, trong d6 dung méi phén cyc 14 nude.
137. Phuong phép theo didm bat ky 133-134, trong d6 thanh phén A 1a:

hop chét hiru co bao gdm: 1,4-diazabixyclo[2.2.2]octan, pyrazin, piperazin, 1,4-
diazabixyclo[2.2.2]octan 1-oxit, hodc 1,4-diazabixyclo[2.2.2]octan 1,4-dioxit; hodc

mudi hitu co chira cation hitu co bao gém: 1,4-diazabixyclo[2.2.2]octan-1,4-
diium, pyrazin-1,4-diium, piperazin-1,4-diium, 1-hydroxy-1,4-
diazabixyclo[2.2.2]octan-1,4-diium, hodc 1,4-dihydroxy-1,4-diazabixyclo[2.2.2]octan-

1,4-diium; hoac

dan xuét ctia hop chét hitu co hodc mubi hitu co, trong d6 cac dan xuat c6 nguyén
tir hydro trong hop chit hitu co hoic cation hitu co trong mudi hitu co dugc the béi it

nhit mot phdi tir thé; hodc
t6 hop bét ky ctia chiing.

138. Phuong phip theo diém 137, trong d6 thanh phin A 13 1,4-
diazabixyclo[2.2.2]octan hodc din xuét ciia no, piperazin hoic din xuét ciia né, 1,4-
diazabixyclo[2.2.2]octan 1-oxit hodc din xuét ctia né, 1,4-diazabixyclo[2.2.2]octan 1,4-
dioxit hodc din xuét ctia n6, mudi hitu co chira 1,4-diazabixyclo[2.2.2]octan-1,4-diium
hodc din xuét ctia né, mudi hitu co chira pyrazin-1,4-ditum hoic din xuét ctia n6, mudi
hitu co chita piperazin-1,4-diium hodc din xuét ciia no, mudi hitu co chira 1-hydroxy-
1,4-diazabixyclo[2.2.2]octan-1,4-diium hozc din xuét ctia n6, hodc mudi hitu co chira
1,4-dihydroxy-1,4-diazabixyclo[2.2.2]octan-1,4-diium ho#c dan xuét ctia n6, hoic tb

hop bét ky ciia chiing.

139. Phuong phap theo didm 137, trong d6 thanh phin A 1a 14-
diazabixyclo[2.2.2]octan hodc din xuét ciia né, piperazin hoic din xudt ciia no, 1,4-
diazabixyclo[2.2.2]octan 1-oxit hodc dan xuit ciia né, 1,4-diazabixyclo[2.2.2]octan 1,4-

dioxit hodc din xuat ciia no, hoic t6 hop bat ky cua ching.

140. Phwong phap theo diém 137, trong d6 thanh phin A 1a 14-
diazabixyclo[2.2.2]octan hodc din xuit cua né, 1,4-diazabixyclo[2.2.2]octan 1-oxit
hodc din xudt cia nd, 1,4-diazabixyclo[2.2.2]octan 1,4-dioxit hodc din xuét cia no,
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mudi hitu co chira 1,4-diazabixyclo[2.2.2]octan-1,4-diium hodc dan xuét ctia né, mudi
hitu co chira piperazin-1,4-dijum hozc din xut ctia n6, mudi hitu co chira 1-hydroxy-
1,4-diazabixyclo[2.2.2]octan-1,4-diium hogc din xuét ctia no, hoic mudi hitu co chira
1,4-dihydroxy-1,4-diazabixyclo[2.2.2]octan-1,4-diium hodc dan xuét cia no, hoic td

hop bét ky clia ching.

141. Phwong phip theo diém 137, trong d6 thanh phin A 1a 14-
diazabixyclo[2.2.2]octan hozc din xuét ctia no, 1,4-diazabixyclo[2.2.2]octan 1-oxit
hodc dan xuét cta no, hoic 1,4-diazabixyclo[2.2.2]octan 1,4-dioxit hodc din xuét cta

16, hoidc t6 hop bét ky ctia ching.

142. Phuong phap theo diém 137, trong d6 thanh phin A 13 14-
diazabixyclo[2.2.2]octan hodic din xuét ctia né, 1,4-diazabixyclo[2.2.2]octan 1,4-dioxit
hodc din xuit cia nd, mudi hitu co chira 1,4-diazabixyclo[2.2.2]octan-1,4-diium hozc
dan xuét cta no, hodc mubi hitu co chira 1,4-dihydroxy-1,4-diazabixyclo[2.2.2]octan-

1,4-diium ho#ic dan xuit ctia né, hodc to hop bat ky cta ching.

143. Phuong phip theo diém 137, trong d6 thanh phian A 1a 14-
diazabixyclo[2.2.2]octan hodic din xuét clia né, hodc 1,4-diazabixyclo[2.2.2]octan 1,4-

dioxit hodc dan xuat cuia nd, hodc td hop bat ky ctia ching.

144. Phuong phip theo diém 137, trong d6 thanh phin A 1a 14-
diazabixyclo[2.2.2]octan hodc din xudt cia nd, hoic mudi hitu co chiwa 14-

diazabixyclo[2.2.2]octan-1,4-ditum hodc d4n xuét ctia né, hoic t6 hop bat ky ctia chiing.

145. Phuong phap theo diém 137, trong d6 thanh phan A 1a 14-

diazabixyclo[2.2.2]octan hodc din xuét clia no.

146. Phuong phip theo diém 137, trong d6 thanh phan A 1a 14-
diazabixyclo[2.2.2]octan.

147. Phuong phdp theo diém 137, trong d6 thanh phin A 1a 14-
diazabixyclo[2.2.2]octan 1-oxit hodc dan xuét cta nod, hoic mubi hitu co chira 1-
hydroxy-1,4-diazabixyclo[2.2.2]octan-1,4-diium hodc din xuét ctia no, hoic tb hop bét

ky cua chung.
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148. Phuong phép theo diém 137, trong d6 thanh phin A 1a 14-

diazabixyclo[2.2.2]octan 1-oxit hogic din xudt clia n6, hodic 6 hop bat ky cla chiing,

149. Phwong phap theo diém 137, trong d6 thanh phin A 1a 14-

diazabixyclo[2.2.2]octan 1-oxit.

150. Phuong phap theo didm 137, trong d6 thanh phin A 1a 14-
diazabixyclo[2.2.2]octan 1,4-dioxit hodc dAn xuét cta n6, hoic mubi hitu co chira 1,4-
dihydroxy-1,4-diazabixyclo[2.2.2]octan-1,4-diium hodc dan xuét ctia no, hoic td hop

bét ky ctia chiing.

151. Phuong phap theo diém 137, trong d6 thanh phin A 1a 14-

diazabixyclo[2.2.2]octan 1,4-dioxit hodc din xuét ctia n6, hodic t hop bit ky ctia chung.

152. Phwong phdp theo diém 137, trong d6 thanh phdn A 1i 14-
diazabixyclo[2.2.2]octan 1,4-dioxit.

153. Phuong phép theo diém 137, trong d6 thanh phan A 14 piperazin hodc dén
xuét cia nd, hoic mubi hitu co chtra piperazin-1,4-diium hodc dAn xuét cua né, hoic td

hop bét ky ciia chung.

154. Phuong phép theo diém 137, trong d6 thanh phéan A 13 piperazin hogc dan

xuit ciia n6, hoidc t6 hop bat ky cta chiing.
155. Phuong phép theo diém 137, trong d6 thanh phén A 12 piperazin.

156. Phuong phép theo diém bit ky 133-155, trong d6 thanh phan X 14 axit ning

lwong chira halogen hodc mudi ning hrgng chira halogen, hodc t6 hop bat ky cua ching.

157. Phuong phép theo diém bt ky 133-155, trong d6 thanh phin X chira anion,
va anion 13 Cl04~, BrO«+, 104, NOs~, ONC- hodc N(NO2):~, hodc td hop bét ky cua

chung.

158. Phuong phép theo diém 157, trong d6 anion 12 C104~, BrO4~, 104~ hodc NOs~,
hoic td hop bét ky ciia chung,
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159. Phuong phép theo diém 157, trong d6 anion 14 C104~, BrO4s~ hodc 1047, hodc
tb hop bt ky ctia ching.

160. Phwong phép theo diém 157, trong d6 anion 12 C104 hodc IO+, hodc t5 hop

cta ching.

161. Phuong phap theo diém 157, trong d6 anion 12 Cl104+~ hodc NOs~, hodc tb
hop cua ching.

162. Phuong phép theo diém 157, trong d6 anion 1a C1O4.
163. Phuong phap theo diém 157, trong d6 anion 1a NOs.

164. Phuong phap theo diém bit ky 133-155, trong d6 thanh phan X 13 axit
percloric, axit perbromic, axit periodic, axit nitric, perclorat, perbromat, periodat hodc

nitrat, hozic t5 hop bit ky cua ching.

165. Phuong phép theo diém 164, trong d6 thanh phin X 14 axit percloric, axit
perbromic, axit periodic, perclorat, perbromat hodc periodat, hodc td hop bét ky cia

chung.

166. Phuwong phap theo diém 164, trong d6 thanh phan X 13 axit percloric, axit

periodic, perclorat hoic periodat, hoic t& hop bat ky ciia chiing.

167. Phuong phap theo diém 164, trong d6 thanh phin X 14 axit percloric, axit

nitric, perclorat hodc nitrat, hoic td hop bat ky ctia ching.

168. Phuong phap theo diém 164, trong d6 thanh phan X 13 axit percloric hogic
perclorat, hodc t6 hop bt ky ciia ching.

169. Phuong phap theo diém 164, trong d6 thanh phén X 1 axit nitric hogc nitrat,
hoic td hop bét ky cta chiing.

170. Phuong phap theo didm bét ky 133-169, trong d6 thanh phin B 13 mubi

amoni hodc ki€m amoni, hodc t0 hop bat ky cda chung.
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