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TONG HQP VA NGHIEN CUU ANH HUONG CUA GIA TRI
pH PHAN UNG LEN SU HINH THANH HAT NANO ZnS
BANG PHUONG PHAP HOA UOT

Lé Thanh Tai’, Lé Thi Kim Hoang’ va Lé Minh Ting'
ABSTRACT

Homogeneously ZnS nano-particles were accomplished by precipitation in water solvent
with the aid of buffer solution at room temperature. Effect of pH and type of buffer
solution were studied by theoretical; through experimental synthetic ZnS nanoparticles,
the optimal pH for reaction process was determined through X-ray diffraction
measurements.
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Title: Synthesis and study the effects of pH reaction on formation of ZnS nanoparticles
prepared by wet chemical method

TOM TAT

Cdc hat nano ZnS da dwoc tong hop bang phwong phdp hoa wot trong dung moi nuoc voi
sw tham gia cia dung dich dém ¢ nhiét dg phong. Anh hiong cia PpH va logi dung dich
dém da dwoc nghién ciru bang Iy thuyét; théng qua thiee nghiém tong hop hat nano ZnS,
gia tri pH 16i wu cia phan g da dwoc xdc dinh théng qua phé nhiéu xa tia X va tinh
chdt quang cia vit liéu.

Tir khoa: ZnS, hat nano, phwong phdap hoa wot

1 GIOI THIEU

Céc tinh thé nano ban din c6 tam quan trong trong khoa hoc va cong nghé do céac
tinh chat vat 1y ciia chiing rt khac biét so véi vat liéu khdi twong tmg. Chinh diéu
nay da mang lai cho chung kha nang ing dung v6 cung to 16n trong nhiéu linh vyc
tir cong nghé dién tir, vién thong, nang luong dén cac van dé vé stic khoe, y té, moi
truong,... Trong cac vat liéu nano, ZnS 1a mdt trong nhiing vat liéu thu hat dugc
su quan tdm cua nhidu nha nghién ctru véi nhidu tiém ning cta nd trong cac ing
dung quang dién ti.

Viéc tong hop hat nano ZnS di dugc rat nhiéu nha khoa hoc nghién ciru va ciing
¢6 nhidu phuong phap tong hop hat nano ZnS nhu: sol-gel [1,2], thé ran (solid-
state) [3], vi nhil twong dao (reverse micelle method) [4]... Trong nghién ctru nay,
chung t6i da chon phuong phap hoa w6t dé tong hop nano-tinh thé ZnS & nhiét do
phong. Boi vi, phuong phap nay c6 cac uu diém nhu: :(a) don gian, thuén tién; (b)
ré tién va giam thiéu 6 nhlem moi truong, (c) hiéu sudt cao, hat c6 kich thuéc nho
va chét luwgng hat kha tbt.

Trong cac diéu kién téng hop nano tinh thé ZnS bang phuong phap hoa udt thi gia
tri pH cua phéan ung 1a rat quan trong vi né anh huong truc ti€p dén sy hinh thanh
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hat nano. Tuy nhién, hién nay c6 rat it nha nghién ctru quan tdm dén van d& nay.
Chinh vi thé chung t6i nghién ctru béng ly thuyét vé sy anh hudng cua do pH 1én
qua trinh tong hop hat nano ZnS bang phuong phap héa uét. Bén canh do, thuc
nghiém tong hop hat nano ZnS ciing nhu 1a diéu kién t6i wu cia phan tng ciing
duoc xac dinh.

2 THU'C NGHIEM
2.1 Hoa chit

Cac hoa chét tinh khiét dugc sir dung: Zn(CH;C0O0),.2H,0 (99.5%, Merk),
Na,S.xH,0 (Spain), NaCH;COO (99,5%, Prolabo), CH;COOH (99,5%, Merk).
Vi dung mdi duge dung trong thi nghiém nay la: methanol, nudce cét. Tét ca cac
dung cu (6ng nghiém, coc thuy tinh, pipet, 6ng dong ...) déu duoc rira can than
bang nuoc, xa phong, nude cét, ethanol va sdy kho trudc khi thi nghiém dé dam
bao mau khéng bi nhiém ban.

2.2 Dung dich dém
H¢ dém axetat c6 do pH tinh theo cong thirc sau:

[CH,CO07] _, s\ [CH,COO]

pH=pK, +1 =4.
[CH,COOH] [CH,COOH]

Chon néng d0 axit axetic la 1M ta tinh néng dd natri axetat ta thyc hién pha cac
dung dich dém. Tat ca cac dung dich dém sau khi pha déu dugc kiém tra bang may
do pH.

Phan wng: dung dich (dd) Na,S 1M dugc cho nhd giot vao binh chua dd
Zn(CH;COO0), va dd dém & cac d6 pH da chon (di dugc kiém tra d6 pH). Hon hop
tiép tuc dugc khuéy trén bang may khudy tir trong 3 gid. San phim thu duoc 1a 1
dung dich mau trang duc dang huyén phu. Bot udt duoc tach khoi dung dich bang
may quay li tim toc do cao, duoc rira nhiéu lan bang nudc va cu01 cing bang
ethanol. Sau d6 bot udt dwoc hat kho trong chan khong (107 — 107 torr) trong
khoang 10 gio. San phém cudi cung thu dugc la bot ZnS & dang kho va kha min.
Pha cua vét liéu duogc xac dinh bé'lng phé nhiéu xa tia X (XRD) cua cac mau dugc
do tai trung tam phan tich, Vién Khoa hoc Vat Liéu TP Hb Chi Minh thudc Vién
Khoa hoc va Cong Nghé Viét Nam. Mau dugc kich thich béng buc xa CuK,, voi
budc song A=1,5406A (may Bruker axs D8 Advance); thong qua d6 kich thuoc hat
cling duoc xac dinh bdi cong thirc Scherrer, bén canh d6 TEM cho ta biét mot cach
chinh xac vé kich thuéc hat; PL cho biét tinh chat quang cua vat liéu.

3 KET QUA VA THAO LUAN
3.1 Co s 1y thuyét ciia phén téng

Khi sir dung phuong phép héa wét dé ché tao mau thi gia tri pH cua dung dich
trong qua trinh phan ng la mot thong s6 rat quan trong vi no lién quan tryc tiep
dén sy hinh thanh két tia trong dung dich dong thoi pH thich hgp s€ gitp loai bo
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nhimg phan ing khong mong muén~ (VD: tao hidroxit, tao phtc....) gdy nén nhitng
pha la a&nh hudng dén chat lugng mau.

Ly thuyét phan tng két tia ZnS, tir nhitng hoa chét trén, 1am co s chon khoang
pH duogc nghiép ctru. Qua do, chon dugc dung dich dém phu hop va d6 pH t6i vu
cho phan tng tong hop ZnS.

3.1.1 Khoang gid tri pH tong hop ZnS

Khi nho tir tir dung dich Na,S 0,1M vao dung dich Zn(CH3COO), 0,1M ta c6 cac
phan ting nhu sau:

H,0 = H +0H K, =10" (1)
S*+H,0 = HS +O0H Q)
HS + H,0 = H,S +O0H (3)
CH;COO + H,0 = CH;COOH + OH 4)
Zn*"+ HLO = ZnOH'+H" (5)
Zn*'+ § = ZnS Kyl s, =107% () [6] (6)

e Dibu kién dé xuit hién két tua ZnS 14 tich ndng do cua Zn>" va S* 16n hon
tich sb tan cua ZnS:

C, . Co) K (7

Dung dich ¢6 méi truong axit co thé bo qua su tao phirc hidroxo cia Zn*"
—23.8

C,..=0,1M, vi vay CS2’>10—4 —10228 ®)

Tu (2) ta co: [ 7][ ] [ ]
K,%—KW.K;:[S'T: [SZ][W] =[HS |=K, h[$"]

Véih=[H"], K, 1a hang s6 phan ly bazo nac I, K, =K, =10""[6]
Tu (3) ta co:

K, =K K _[HS] [OH]:K [15]
B3 e T

Véi K, 1a héng s6 phan ly bazo néc II, K s =K, =107 [6]

=[H,S]=K,' [HS | h=K, K, I’ [ 5" ]

h+K h+K K,

Tacd:Cl. =[S |+ HS™ [+[H,S]=[ 8™ |.(1+ K, K, I +K, ) =

=[]

Véi C). 1a nong do ban dau cta ion S*, [Sz’]lé nong do cén béng cua ion

§* trong dung dich.
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e K, K, ©
= =C’.. —
SR +K, h+K, K,
. C), K
Két hop (7) va (8): W +K, h+K, K, <W (10)
Co. K,.K, 1071071072

=>h+K, h+K, K, (—— =10"*

10~ 22,8 - 10—22,8
S +10725-10"%(0 = h < 8,709

Vay v6i ndng do [H'] < 8,709 (pH > - 0,94 ) thi ludn co két taa ZnS
o Diéu kién dé két tua hoan toan ZnS

0—23 8

Dé c6 két tua hoan toan ZnS ta coi [Zn*] < 10 vatir (7) € o ) =10""*

K K
Tuong tu trén: h°+K, h+K, K, <;:10‘3’12

0717 8
= 7 +1077—10"?(0 hay h < 0,0275
Vay pH > 1,56.
e Diéu kién cé két tia ZnS, khong cé két tia Zn(OH), :
Diéu kién khong xuat hién két tia Zn(OH), 1a tich ndng do cua Zn** va
(OH)*nho hon tich sb tan coa Zn (OH),

K, , K, g )
C,..(C,, )2<KZn<0H)2:COH.=7W< — V6K g, =107 (0) 6] (1)
Zn2+

_14
Suyra: hy—be = 10 _jge0 o pH <605,

KZn(OH)Z 107
C .. 0,1

Zn

3.1.2 Khodng gia tri pH khao sat va logi dung dich dém

Theo tinh toan trén, néu pH moi truong thugc pham vi 1,56 < pH <6,05 thi ZnS

két tia hoan toan dong thoi khong cé két tia Zn(OH),. Tuy nhién, khoang pH
duogc chon khao sat trong nghién ciru nay tir 3.25 dén 6 vi mot s6 1y do sau:

— Céc nghién ciru tong hop hat nano tinh thé ZnS véi cac loai dung dich dém
khac da dugc nghién ctru voi d6 pH ctua dung dich phan tng da duoc khao sat
tr4-5][5,7].

— Khé chon dung dich dém véi khoang gia tri pH khao sat rong tir
1,56< pH < 6,05

Trén co so tinh toan 1y thuyét va diéu kién phan Gng viéc chon hé dém axetat
(axit axetic 1M va natri axetat) trong nghién ctru nay vi:

— Hé dém axetat co khoang pH dém tir 3.5 dén 5.6 rat phu hop vé6i khoang pH
can khao sat ciia phan ung.

10
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— Phuong trinh chinh cua phan tng:
Zn(CH;3;CO0), + Na,S 2 ZnS| + 2CH;COONa
Trong qué trinh phan tng tao ra mudi CH;COONa 1a mét thanh phan ciia hé
dém nén sé it anh huong dén pH dung dich phan tng.
— Khoang pH t6i wu duge du doan dao dong quanh 4.75 1a gia tri ma tai d6 dém
nang cua hé dém axetat la tot nhat.
— Axit axetic v natri axetat I cac hoa chat thong dung, ré tién va d& mua.
3.2 Tac dung cua dung dich dém
Céc gié tri tinh toan trén 1y thuyét can duogc kiém tra trong thyc té didu kién
thi nghiém. Bang duéi day cho ta cac gia tri pH thuc té trong qua trinh tao hat. Cac
gia tri duoc do bang may Toledo Inlab Mettler Delta 320 tai phong Héa Ly — Khoa
Su Pham — BH Can Tho.

Bang 1: Gia trj pH do dwogc ciia cac dd Zn(CH;COO), trwée va sau phan trng

Gia tri pH dd dém L. 3 Gia tri pH dd Gia tri pH dd
- Gia tri thuc do cta
cia mau tyrén ly dd dém Zn(CH3;CO0), Zn(CH3COQ); sau
thuyet ) trudc phin ing phan uing
Py (3.25) 3.37 3.51 3.68
P, (4.0) 4.1 4.18 4.28
P; (4.5) 4.52 4.58 4.64
P4 (5.0) 5.03 5.08 5.15
Ps (5.5) 5.6 5.68 5.8
Pe (Khong dd dém) 6.45 6.25

Két qué cac gia tri pH & bang 1 cho thiy rang: gi4 tri pH thyc té do clia cac dung
dich dém c6 sai 1éch so voi tinh toan co6 thé 1a do anh hudng ctiia dung moi nuéc,
hoéa chat va dién cuc thuy tinh cia may do.

Ngoai mau c6 pH = 3.25, do bién thién gia tri pH cta dung dich trudc va sau phan
ung clia cac mau con lai la khong nhi€u, nhat 1a véi khoang pH tir 4.5 dén 5.0
chung té dém nang cia hé dém trong khodng nay rat tot.

Dbi v6i miu khong dung dung dich dém trude phan tng pH = 6.45 > 6.05 (gia tri
pH bit dau xuat hién tia hidroxit) s& xuat hién két tua tring do phan tmg thiy phan
tao Zn(OH), trong dung dich trude phan ing. Tuy nhién, diéu dic biét & day 1a do
pH ctia mau nay giam xudng con 6.25 sau phan ung. Piéu niy c6 nghia 1a trong
phan tng sinh ra CH;COONa lam giam d6 pH dung dich.

11
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3.3 Két qua do nhiéu xa tia X

3.3.1 Phé nhiéu xa tia X ciia cdc mau:

Intensity (A.u)
E
(o)
(@)

Hinh 1: Phé Ronghen (XRD) ciia cac miu bot nano ZnS téng hep & cic gia tri pH tir 3.25
dén 6.45
Tir gian d6 XRD hinh va két qua so sanh véi phd chuan tir dir lidu, ta co cac
nhan xét:

+ Cac mau ZnS c6 vi tri cac dinh nhiéu xa phu hop véi cac dinh nhiéu xa cta dir
liéu chuan ,JCPDS — ICDD 05-0566. biéu nay c6 thé két luan rang hat nano ZnS
da duoc che tao thanh cong

+ Trén pho nhidu xa cta ciac miu khac nhau déu xuat hién cac dinh tuong tng
thudc cac ho mat (111), (220), (311) ching t6 cic mau nay déu c6 chung loai cdu
trac 1ap phuong gia kém thudc nhém khong gian T? — Fusm( 216 ) va khong thy
xuét hién cic pha la. Cac dinh kha rong thé hién kich thudc hat kha nho.

+ Su két tinh pua mau phu thudc vao d6 pH duogc thé hién rét o qua dd thi XRD &
trén. Gia tri toi vu cta d¢ pH dugc x4c dinh trong thi nghiém nay trong khoang tu
4.5-5.0.

12
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3.3.2 Hang sé mang cia cdc mau bt ZnS
Ap dung cong thirc lién hé giita khoang cach cic mit mang dy v6i cac chi
S S
Sl e
Déi voi mang 1ap phuong: a =d, Nh> +k*+1> (sai sO Aa = a.AB.cotgh)
Két qua tinh toan hang sb mang cta cdc mau tng voi dinh nhidu xa (111) va
(220) dugc trinh bay ¢ bang 2

Bang 2: Hing s6 mang ciia cic miu bt ZnS

s0 Miller va hang so mang:

Miu d; a; d; a a
P, (3.25) 3.101 5.371 1.903 5.382 5.376
P, (4.0) 3.081 5.336 1.884 5.329 5.333
P; (4.5) 3.128 5.418 1.888 5.339 5.379
P, (5.0) 3.139 5.437 1.909 5.396 5.416
Ps (5.5) 3.108 5.383 1.882 5.323 5.353
P (6.45) 3.054 5.290 1.881 5.321 5.306

Két qua tinh toan & bang 2 cho thiy rang: hang sé mang ciia cac miu bién
thién trong khoang tir 5.306A° dén 5.416 A° cac két qua nay rat gan véi két qua
hing s6 mang ciia thé chuan (5,41 A%) cho thdy cic miu di két tinh kha tét. Piac
biét 13 voi mau c6 do pH khoang 4.5 - 5.0 thi gia tri hang sé mang 1a 5.379A° va
5,416 A° cac két qua nay phu hop véi dy doan ban dau vé diéu kién cua pH téi vu
trong thi nghiém.

3.3.3 Tinh kich thudc hat bang cong thire Scherrer

Duya vao gian dd nhiu xa XRD ta c6 thé tinh kich thudc hat tinh thé bé'lng cong

0,9.4

thte Scherrer: L=——Ho (12)
B.cosb,

Két qua tinh kich thudc hat dugc trinh bay trong bang 3.7.
Bang 3: Két qua tinh kich thwée hat tir cdng thirc Scherrer

Tén miu A(nm) 20(dd) B(rad) L(nm)
P1 (3.25) 0,15406 28.76 0.0571 2.77
P2 (4.0) 0,15406 28.73 0.0581 2.72
P3 (4.5) 0,15406 28.64 0.0576 2.74
P4 (5.0) 0,15406 28.67 0.0550 2.87
P5 (5.5) 0,15406 28.76 0.0579 2.73
P6 (6.45) 0,15406 28.97 0.0549 2.89

Bang 3 cho thdy rang kich thudc trung binh cua cac hat khoang 2.8 nm, su chénh
1éch vé kich thudc hat gitra cac mau la khong dang ké. Diéu do cho thay cac gia
pH dugc chon trong thi nghiém khéng dnh hudéng nhiéu dén kich thudc hat

13
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3.4 Két qua anh TEM

Hinh thai hoc va kich thudc cac hat ZnS ciu tric nano c6 thé duoc thay rd hon qua
két qua phan tich anh TEM (Hinh 2).

Hinh 2: Anh TEM ciia miu ZnS tong hop & pH 4,5

Két qua anh TEM tir hinh 2 cho thdy cac hat rat dong déu co kich thude ~ 3 nm,
két qua nay hoan toan phu hop véi két qua tinh bang cong thic Scherrer. Qua do
cho thdy viéc chon cac chat dém va do pH trong nghién ctru nay 1a hoan toan phu
hop, hat nano ZnS dugc téng hop thanh cong vai kich thudce hat khoang 3 nm.

3.5 Két qua do phd huynh quang

Dé nghién ciru su phat quang cua cac mau ZnS tong hop & cac gia tri pH khac
nhau, chung t6i tién hanh s dung phép do phd huynh quang PL ciia cac mau bang
may iHR320 véi bude song kich thich 1a 325nm va nhiét do 300K. Khéi lugng
mau trong cac 1an do 14 nhu nhau. Chdng chap phd huynh quang ciia cac mau duoc
chi ra trén hinh 3.

14



Tap chi Khoa hoc 2011:19a 7-16 Truong Dai hoc Can Tho
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Hinh 3: Chéong chap phé huynh quang cic miu ZnS & céc gia
tri pH tir 3,25 dén 6,45

Nhiéu nhém khac nhau [8-12] da nghién ctru vé nguodn gdc phat xa mau xanh cia
hat nano ZnS khong pha tap. Su bat di ximg cao va mé rong phat xa voi nhiéu
dinh cao cuc dai trong phd huynh quang cho thiy su tham gia ctia nhiéu tim phat
quang khac nhau trong qué trinh buc xa [9]. Karar va cong su [10] quan sat phd
huynh quang phat xa tir hat nano ZnS 4 nm. Pinh huynh quang tai 460 nm duoc
cho 1a ctia céc tap trong héa chit. Sapara va cong su [11] cho rang phat xa huynh
quang tai 425 nm tir mau ZnS khong pha tap do su tai kich thich (de-excitation)
clia cac trang thai khuyét tat khi kich thich duéi budc song 290 nm. Chen va cong
su [12] cling bao cao mot dinh phat xa huynh quang tai 445 nm tir cdp donor—
acceptor trong mau ZnS khong pha tap.

Db thi huynh quang cua cac mau ZnS khong pha tap déu c6 dang glong nhau, sy
bat dbi xtng cua phd huynh quang cho ta thiy su chong chap cia nhiéu dinh phat
quang trong vung 420 — 475 phu hop voi cac nghién ctru trude day [11,12,13,14].
Cuong d6 phat xa ctia cac mau khong c6 su chénh léch nhiéu.

4 KET LUAN

Chung toi d4 thanh cong trong viéc nghién ciru tong hop tinh thé nano ZnS c6 chat
luong tot bang phuong phap hoa udt, thong qua viéc xay dung 1y thuyét phan ting
va khao sat anh hudng cua gia tri pH 1én sy hinh thanh hat. Kich thudc hat khoang
3 nm dugc xac dinh nhy vao XRD va TEM, twong tng véi gia tri pH téi wu dé
tong hop miu 1a 4,5. Cac mau ZnS déu phat xa trong ving 420 — 475 phu hop véi
cac nghién ctru trudce day.
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