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Tém tit:

Trong nghién ctru nay, vat liéu Zinc phthalocyanines (ZnPc) dwoc ché tao théng qua hai phwong phap chinh: héa wét va
ling dong hoi hoa hoc (CVD). Cac phwong phap nay giip diéu chinh kich thwéc tinh thé, hinh dang va tinh chit caa vat
liéu ZnPc. Dé khio sat dic trung ciu triic va tinh chit cia vat liu, nhiéu k§ thuat phan tich di dwoc 4p dung, bao gém
phé nhiéu xa tia X (XRD), phd UV-Vis, phd tin xa Raman va phd hong ngoai bién ddi Fourier (FTIR). Két qua tir phd
XRD cho thiy, ZnPc c6é cau tric tinh thé pha B, v6i cac hing s6 mang a=19,4 A va b=4,79 A, diéu nay chi ra su sip xép
dinh huéng dic biét trong vit ligu. Phé UV-Vis gitip xac dinh cic dic diém quang hoc ciia ZnPc, cho thiy kha niing hap
thu 4nh sing manh mé trong viing cwe tim va kha ning truyén qua ¢ ving kha kién. Phé FTIR va Raman x4c nhan thanh
phan lién két hoa hoc ciia ZnPc, dong thoi chi ra sy hién dién cia cac lién két C-H, C-N va C-C dic trung cho ciu tric
phén tir nay. Nhirng két qua nay chi ra ring vat li¢u ZnPc pha B c6 nhirng dic tinh 1y héa wu viét, phut hop véi cac ing
dung trong cic thiét bi quang dién, cam bién va cac nghién ciru vé ning lwong mit troi.
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Abstract:

In this study, Zinc phthalocyanines (ZnPc) materials were synthesised using two main methods: wet chemical synthesis
and chemical vapour deposition (CVD). These methods help control the crystal size, morphology, and properties of the
ZnPc material. To investigate the structural characteristics and properties of the material, various analytical techniques
were employed, including X-ray diffraction (XRD), UV-Vis spectra, Raman scattering, and Fourier transform infrared
(FTIR) spectroscopy. The XRD results reveal that ZnPc has a B-phase crystal structure, with lattice constants a=19.4 A and
b=4.79 A, indicating a specific oriented arrangement in the material. UV-Vis spectra provide information about the optical
properties of ZnPc, showing strong absorption in the ultraviolet region and transmission in the visible range. FTIR and
Raman spectra confirm the chemical bonding of ZnPc, revealing the presence of C-H, C-N, and C-C bonds characteristic
of this molecular structure. These results suggest that ZnPc in the -phase possesses excellent physicochemical properties,
making it suitable for applications in optoelectronic devices, sensors, and solar energy research.
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1. it van de

Céc chat ban dan vo co truyén thong da duge nghién ciru
nhiéu, da dat dwoc nhiéu thanh tyu va da dat dén gidi han vé
kich thuée linh kién. Do do, can phai ¢6 cac quy trinh cong
nghé sir dung cac thiét bi ché tao bing phuong phap vat 1y &
cac didu kién chan khong cao va nhiét d cao. Trong nhimg
nam gan day cac chat ban dan hitu co da dugc ung dung dé tao
ra cac thiét bj quang dién. Cac nha nghién ctru phat hién tiém
nang tng dung cta vét liéu hitu co trong ché tao cam bién nhay
quang. Chét ban dan hitu co ¢o mot s6 vu diém ndi bat khi so
sanh véi cac vat lidu ban dan v co nhu phwong phap ché tao
don gian bang cac phan tmg hoa hoc khong yéu cau cac thiét bi
ché tao phirc tap & chan khong cao va nhiét d cao, chi phi ché
tao thap. Trong sd rat nhidu hop chat hiru co, phthalocyanine
s& hiru nhiéu tinh chit ndi bat nhu tinh phéng, tinh ddi xtng va
tinh dinh xur dién tir khién chung tré thanh mdt lya chon hoan
hao dé sir dung trong nhiéu tng dung quang dién tir nhu pin
mit troi, di 6t phat sang, cam bién. Vat liéu phthalocyanine da
dugc sir dung rong rai trong di 6t va pin mat troi nhiéu 16p do
phan tng quang dan va quang dién day hira hen [1-6]. Tiém
ning cta ZnPc 1a mot vat liéu ban dan hiru co thich hop cho
viéc ché tao cam bién nhay quang. Do d6, vat li¢u nay can duoc
nghién ciru bang cach toi uu hoa cdu tric tinh thé cua vat lidu
dé nang cao hiéu qua chuyén dbi nang lugng cua vat liéu [7].
ZnPc ciu tric lién hop 7 va hoat dong nhu mot vat liéu ban dan
voi hat tai dién 1a 16 tréng [8]. Vat liéu da dugc nghién cuu va
chi ra trién vong trong nhiéu thiét bi dién tir va quang dién tur
[9, 10] do c6 phd hap thy rong trong ving kha kién va khong
doc hai dbi véi méi truong [11]. Mic du mot sé nghién ciru
da duoc tién hanh trén ZnPc, theo khao sat tai liéu cua chung
t6i, ZnPc duoc nghién ctru ché tao bang phuong phap hoa uét
1a phd bién. Tuy nhién, do hiéu suat cta phan tmg hoa hoc tao
thanh hoa wdt khong xay ra hoan toan, do vy san pham tao
thanh ZnPc con chtra nhiéu tién chat ban dau, nén d¢ tinh khiét
anh huong dén tinh chét cua vat liéu. Mot trong nhirng muc
dich chinh cua nghién ciru nay 1a tong hop vat liéu ZnPc c6 co
do tinh khiét cao, két tinh tinh thé tt. Cac tinh chat quang ciia
vat liéu ZnPc dugc danh gid dua trén cac tinh chét cau truc,
hinh thai va quang hoc cua vat liéu ZnPc bay hoi dugc nghién
ctru cho kha ning ché tao ma tran cam bién nhay quang.

2. Vat liéu va phuong phap nghién ciu
2.1. Vit liéu

Hoa chit: Zinc (IT) acetate, phthalonitrile, nitrobenzene,
dichlomethane (CH,Cl,) c6 ngudn gbc xudt xr tir Sigma-
Aldrich. Nudc khir ion (DI water 18,2 Mohm.cm™) ¢é nguén
gbc xuét xir Viét Nam. Acetone, Diethyl ether c6 xudt xtr tir
Merk. Binh khi Ar, 99,99%, binh khi O, 99,99%, c6 ngudn gdc
xudt xtr tir Messer.
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2.2. Phwong phap nghién ciru

Phuwong phdp héa wot: Quy trinh thuc hién 1 thi nghiém
dé tao 1 g bot thanh phdm nhu sau: Pha dung dich gdm 100
ml zinc (IT) acetate ndng d6 2 mmol (goi 1a dung dich 1). Pha
dung dich 2 gdm 100 ml phthalonitrile nong d¢ 10 mmol. Nho
tir tir dung dich zinc (II) acetate bang binh nho giot c6 toc d 1
giot/gidy trong thoi gian 15 phut vao dung dich phthalonitrile
phan tng xay ra. Hé khudy tu dong dat trong ta hut thi nghiém.
Loc rtra san phém tién hanh ba budc theo thtr tu nhu sau: rira
mau 6 1an véi nude khir ion cd dién tro 18,2 Mohm.cm™, dung
dich acetone va cudi cing voi dung dich diethyl ether. Siy kho
mau trong hé chan khong gia nhiét. San pham duoc cho viao 10
sdy chan khong ap suét 0,05 Torr & nhiét d6 45°C va siy trong
thoi gian 8 gior dé loai bo cac dung mdi va lam kho mau trong
budng chan khong.

Phiong phdp ling dong hoi héa hoc tinh sach Zinc
phthalocyanines: Phuong phap ché tao hoa udt ban dau tao
ra cac tinh thé ZnPc tuy nhién do yéu cu vé do tinh khiét nén
nhom nghién ctru sir dung phuong phép tinh sach bang ling
dong hoa hoc pha hoi ¢ nhiét do thdp. Mdi mé tinh sach st
dung 0,5 g bot ZnPc da téng hop duoc tir ché tao hoa uét. Mau
thi nghiém duoc dit vao trong hé 16 ng nim ngang c6 duong
kinh dng 2,54 cm va chiéu dai dng thach anh 75 cm. Hé duoc
hut chan khong trong thoi gian 60 phut bang bom chan khong,
hé c6 dong ho do hién thi gia tri ap suat 5.10 Torr. Trong qué
trinh d6 dat khi thdi 100 SCCM (Standard cubic centimeters
per minute (SCCM) 1a don vi do téc dd dong chay cuia chat khi)
bing hé MFC (Mass flow controller 1a mét hé diéu khién luu
luong khi) trong thoi gian 10 phit dé loai bo khi va tap chét.
Sau do, hé dugc nang nhiét do tir 25°C 1én 450°C voi budc
tang nhiét 5°C trong thoi gian nang nhiét 90 phut. Sau d6 thoi
khi Ar v6i Iuu lugng 2 SCCM dé 1a khi mang tao thanh dong
chay ting (laminar) dé tao ra su ling dong cia ZnPc trén dé
thoi gian ling dong nay 1a 2 gid va sau d6 ha nhiét d6 mau vé
nhiét d6 phong, tién hanh thu héi mau ZnPc.

Phirong phdp phdn tich: Céu trac tinh thé va tinh chat quang
hoc ctia ZnPc duogc phan tich bang cach str dung may do nhiéu
xa tia X (XRD) (Malvern Panalytical, Hing san xuat: Vuong
qudc Anh), kinh hién vi dién tir quét va quang phd tia X phan
tan nang lugng (EDS) (NOVA NANO SEM, FEI 450 (Hang
san xuat: Cong ty FEI cua M¥), bién ddi Fourier quang phd
héng ngoai FTIR (Shimadzu), hé do UV-Vis-2550 (Shimadzu),
H¢ tan xa Raman microscope Labram HR800 (Horiba, Nhat
Ban).

< s A
3. Ket qua va ban luan

Phuong phap ché tao hoa wét ban diu tao ra cac tinh thé
ZnPc, tuy nhién do yéu cau vé do tinh khiét nén nhom nghién
ctru st dung phuong phap tinh sach ZnPc bang hé ling dong
hoa hoc pha hoi. Cac bdt ZnPc thu dugc tur thi nghiém dugc
trinh bay ¢ hinh 1.
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Hinh 1. (A) Mau bét Zinc phthalocyanines ché tao dwoc béng phwong
phép héa wét, (B) Mau bot Zinc phthalocyanines tinh khiét dwgc ché tao
bing phwong phap lang dong hoi héa hoc.

Két do nhidu xa tia X ctia mau ZnPc duoc trinh bay trong
hinh 2. Phé nhidu xa dugc do & goc theta tir 0 dén 30°. Céc
vi tri dinh nhiéu xa dic trung goc 2 theta lan luot 12 6,8; 9.1;
10,6; 12,5; 13,8; 18,5; 21,1; 22,6; 23,6; 25,8; 27,9 va 29,5°.
Céac dinh nhiéu xa nay dic trung cho cac dinh nhiéu xa cua
ZnPc ¢6 ciu trac tinh thé dang (pha P), véi cac mit mang
twong g lan luot 1a (-1,1,0), (101), (0,0,2), (2,0,0), (-3,0,1),
(2,0,2), (1,1,2), (1,1,2), (2,1,1), (2,1,2), (-3,1,1), (213). Trong
cAu trac cua ZnPc thong thudng c6 hai dang thu hinh 1 pha a,
B. Trong d6 dang thi hinh o kém bén vé cdu triic hoa hoc so
v6i dang . Trang thai o 1a trang thai gia bén dugc hinh thanh
& nhiét do thap trong giai doan ddu cta phan tng téng hop zinc
phthalocyanines véi quy trinh tong hop hoa wét. Sau do, giai
doan sir dung hé léng dong hoi hoa hoc ¢ nhiét d6 cao 450°C
da giap cho ZnPc chuyén tir pha kém bén (pha a) sang pha bén
vé mit cAu tric hoa hoc (pha B) nhu vay c6 thé thiy duoc uu
diém cua quy trinh ling dong hoi héa hoc trong viée tong hop
vét liéu Zinc phthalocyanines, cdu tric pha B ndy c6 hing s6
mang 13 tinh thé 1a a=19,4 A° va b=4,79A° céu tric tinh thé
dang don ta, trong mot 6 co s& ¢6 hai phan tir ZnPc [12, 13].
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Hinh 2. Phé nhiéu xa tia X ctia vat liéu Zinc phthalocyanines bang phwong
phép lang dong hoi héa hoc (CVD).

Két qua do phd hip thu UV-Vis ciia mau ZnPc trong hinh
3. Pho hap thu UV-Vis dugc do tir bude song 200 den 800 nm.
Céc dinh hap thy dic trung ctia mau tai cic vi tri budc song lan

&%H%%E 66(12) 12.2024

luot 14 234, 300, 445, 550, 682 nm. Nhu vy, mau ZnPc c6 kha
nang hap thu budc song ving tir ngoai, viing kha kién va ving
hong ngoai gan. Pinh hip thy tir 250 dén 350 nm tai (ving
nang 8 lugng cao g01 1a viing B). Viing 630 dén 750 nm 1a ving
ning luong kha kién (ving ning hrong thap g01 la Vung Q)
ving nay lan rong hon nira vao ving hong ngoai gan O d6 xuat
hién mot dinh & 682 nm. Ca hai qua trinh chuyén doi nay xay
ra do m-m* chuyén tiép trong ving quang phd nhin thiy duoc
trong khi chuyén tiép n-n* duoc phép thap nhét co thé xay ra
trong ving B. Thong thudng, ZnPc khong thé hién su chuyén
tiép kim loai sang phdi tir hodc phdi tir sang kim loai do céac
céu hinh dién tr dwoc dién ddy dii ctia n6 dan dén pho don gian
hoéa so véi cac cAu hinh dién tir khac. Trong hinh 3, dai B dugc
goi la dai y hodc dai Soret nhu trong porphyrin cé cuong do
cuc dai & 300 nm ddi véi ZnPe, trong khi dai Q tai budc song
682 nm tuong duong vdi dai a trong porphyrin dugc cho la do
lién két exciton gitra hai phan tir khong twong duong trong mot
0coso[13].
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Hinh 3. Phd hap thu UV-Vis ctia Zinc phthalocyanines.

Két qua do phé FTIR cua vat li¢u ZnPc dugc trinh bay
trong hinh 4. Cac dinh dac trung cua phé FTIR cua vét liéu
ZnPc cho thiy 13 rang céc lién két trong cu trac cua phén tir
ZnPc. Cac dinh dac trung nay dugc xac dinh vi tri dinh tuong
(g voi cac lién két va dugc liét ké trong bang sb 1. Cac dinh
ddc trung nay bao gdm dao dong do cac lién két nhu C-H do
bién dang goc ngoai mit phing tai s song 1an luot 1a 725 cm!
[14], 794 cm™ [15], 1066 cm™ [16] 1a lién két didc trung ciia vat
liéu ZnPc véi dang thu hinh B, két qua nay phu hop véi két qua
nhidu xa tia x vé ciu tric tinh thé. Lién két C-H do bién dang
goc trong mit phang tai cac sd song lan lugt 1a 1066 cm' [16],
1091 cm™ [17], 1120 cm! [18], 1170 cm™ [19], 1281 cm! [17],
1328 cm!, 1414 cm™' [18], 1458 cm™ [18]. Dao dong do ciu
tric benzen tai s6 song 1an luot 1a 747 cm! [19], 794 cm!, 1647
cm™. Dao dong do cac lién két C-N tai cac sb song 1an luot 1a
1281 cm! [16], 1414 cm [18]. Két qua cho thiy cac lién két
dic trung ctia ZnPc v6i cdu trac tinh thé c6 dang thu hinh .



Bang 1. S6 th tw vi tri cac dinh cta phé héng ngoai bién doi Fourier cla
méu Zinc phthalocyanines.

Thirty Vitridinh Logi lién két

1 725 C-H bién dang goc ngoai mat phang
2 747 Benzen; C-N-C
3 794 C-H bién dang goc ngoai mit phang C-N; Benzen
4 889 C-H bién dang goc ngoai mat phang
5 1066 C-H bién dang goc trong mit phang; C-N Pyrole; Isoindol
6 1091 C-H bién dang goc trong mit phing Pyrole
7 1120 C-H bién dang goc trong mit phang
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Hinh 4. Phé héng ngoai bién déi Fourier cta Zinc phthalocyanines.

Két qua phé Raman cta ZnPc tir s6 song 100 dén 600 cm!
(bude song kich thich 1a 638,8 nm). Cac dinh Raman tai cac vi
tri s6 song lan luot trong tmg v6i cac lién két sau day, sb song
161 cm™! (Isoindole out-of-phase), s6 song 231 em! (Macrocycle
bending) s6 song 261 cm’ (Macrocycle+ benzene out-of-
plane), s song 289 cm "(N,, N, out- of-plane), s6 song 329 cn’!
(In-phase 1somd01e) s6 song 403 cm (C C H N out-of-plane),
s0 song 452 cm! (C-H, C N out- of-plane) s6 song 480 cnr’!
(Macrocycle bending, C- C C, H C C), s0 song 557 cm™! (Pyrrole
out-of-phase, C-C-C benzene), sé song 593 ¢ '(C,- C, N, C-H
out-of-plane) [20, 21].

Két qua phd Raman cia ZnPc tir s6 song 600 dén 1400 cm™!
Buéc song kich thich 1a 638,8 nm). Cac dinh Raman tai cac vi
tri s0 song lan lugt twong tng véi cac dao dong 1a so6 song 677
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cm (Pyrrole bendlng) sb song 747 cm’! (C- N, -C, C- N- C) s6
song 833 ecm (H, C benzene out-of- plane) s6 song 949 cm! (C
-N-C, C- N -C, C-C- Cbenzene H-C-C), sosong 1034cm (H,
C benzene out of-plane), sb song 1140 cm’! (H- C C), sb song
1182 cm! (H-C-C, C-C benzene), s6 song 1266 cm™ (H-C-C), s0
song 1334 em™ (N , C-C pyrrole + benzene), s song 1363 cm’!
(H-C-C) [22, 23].

Két qua phd Raman ctia ZnPc tir s6 song 1400 dén 1700 cm™,
Céc dinh Raman tai cac vi tri sé song lan luot lél s0 song 1425
cm! (C-N, C N,-C, H-C- C) s6 song 1500 cm™ (C-C pyrrole
+benzene), s6 song 1619 crr (C-N C-N;- -C) [24].

Bang 2 va hinh 5 thé hién két qua chup anh kinh hién vi dién tu
quét véi cac thanh phan nguyen to la Zn, C, N trong cau tric ciia
ZnPc duoc x4c dinh bang phd tan sic ning luong EDX. Theo ty
1¢ phan trdim khéi lugng ctia nguyén t6 Zn, C, N lan luot 1a 17,08;
56,05 va 25,27%. Theo ty 1& phan trim nguyén tir lan luot 1 3,82;
68,31; 26,41%. Nhu vay cac thanh phan nguyén t6 ning nhu Zn,
C, N c6 thé x4c dinh qua phd EDX déu nam trong cong thiic phan
tur cua ZnPc.

Bang 2. Thanh phan cac nguyén té6 Zn, C, N va O trong mau Zinc
phthalocyanines.

Thanh phin cic nguyén t§  Phén trim khdi lwgng (%)  Phén trim nguyén tir (%)

Zn 17,08 3,82
C 56,05 68,31
25,27 26,41
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Hinh 5. Hinh anh chup kinh hién vi dién tir quét cia mau Zinc
phtalocyanines (A), phd tan sac ning lwong (EDX) clia nguyén té C, N, Zn
Ian Iwot 12 (B), (C) va (D).

4. Két luan

Trong nghién ciru ndy, cac két qua cho thay tinh thé vat liéu
ZnPc ¢6 tinh chat két tinh tdt, cac dinh nhidu xa phan tich 16 rang,
ph6 UV-Vis chi ra tinh chit nhay quang cua tinh thé ZnPc trong
dai budc song tir ngoai, kha kién va hdng ngoai gan cho thay tiém
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ning cia ZnPc trong viéc sir dung ché tao cam bién nhay quang.
Két qua FTIR va Raman chi ra cac lién két dic trung trong cau
triic cua tinh thé ZnPc. Két qua chup anh kinh hién vi dién tr quét
voi céc thanh phan nguyén 6 14 Zn, C, N trong cdu tric ciia ZnPc
duogc xac dinh bang phd tan sic nang lugng EDX.

LO1 CAM ON

Nghién ctru ndy dugce thuc hién tir ngudn kinh phi hd trg cua
dé tai cép Bo: “Nghién ctu, thiét k&, ché tao ma trin cam bién
nhay quang trén co s¢ vat lidu ban din hitu co”. Céc tic gia xin
chan thanh cam on Vién Ung dung Cong nghé, B6 Khoa hoc va
Cong nghé da hd tro kinh phi cho nhém nghién ciru.
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