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This paper presents a novel method for synthesizing ZIF-14 from zinc
acetate dihydrate in methanol solvent without additional substances.
Accordingly, the research results demonstrated that in a reaction
environment containing only methanol solvent, with a suitable
crystallization regime, pure ZIF-14 was formed. Under the experimental
conditions, the absence of an alkaline additional substance still allowed
for the removal of H* from HelM, promoting the formation of Zn-elM-
Zn bonds to create the ZIF-14 structure. ZIF-14 was formed with
crystallinity of 100 %, a particle size of 400 nm (SEM), a specific surface
area of 513 m?/g (BET), and a synthesis yield of 60.2 %.

két qua vong 6 vdi kich thudc mao quan hep, ZIF-14 con
co thé lién két qua vong 8 vdi kich thudc mao quan va
héc 16n tuong Ung bang 4,0 x 5,8 A va 7,0 x 10,0 A, ma
c4u tric tinh thé CCDC 1a 940793.

Gidi thiéu

ZIF-14 1a mét trong s6 vat liéu tién tién thudc phan Idp
ZIFs clia ho vat liéu khung hitu cg —kim loai (MOFs). ZIF-
14 6 céu tao tinh thé, mang dac tinh uu viét clia ca hai
vat lieu zeolite va MOFs. ZIF-14 da dugc Xiao-Chun
Huang va cong su tim théy lan d&u tién vao nam 2006

Tién chéat tao ra ZIF-14 (cdng thiic Zn(eIM),) gdbm kim
loai Zn®* va linker 2-ethyl imidazole (HelM). Céu trdc cla
ZIF-14 dugc xay dung tU cac td dién Zn’* qua cau ndi

vdi tén goi MAF-5 [1]. BEn ndm 2008, Rahul Banerjee va
codng sy [2] cling dé xay dung dugc céu trdc cla ZIF-14
tuong tu nhu cdu trdc ctia MAF-5. Ca hai bao céo [1,2]
déu xac nhan ZIF-14 c6 céu tric tuong tu zeolite kiéu
anacime (ANA) véi cac héc mao quan thon dai, hinh elip
va dé x6p I6n, hé mao quan cla ZIF-14 lién két qua vong
6 co kich thudc mao quan va héc 16n tuong Ung bang
2.2va 2,2 A Vao nam 2012, cau tric ZIF-14 d3 dugc Ai-
Xin Zhu va cong su [3] chiing minh, ngoai cdu trdc lién
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HelM, tuong tu nhu cac t dién SiO4 va AlO4™ trong céu
tric cta zeolite [4-6], v&i goc Zn—eIM—Zn gan giéng goc
Si—O-Si trong zeolite [7-9] va xap xi 145°[2,10]. Chinh vi
ZIF-14 ¢4 kich thudc mao quan khac nhau va cac nhom
ethyl trong cu tric sap xép khong trat tu da lam tang
khad néng hap phu va tach cac phan tir c6 dé phan cuc
khac nhau [11]. Mat khac, khodng cach Zn—Zn trong ZIFs
gan gép doi khodng cach Si-Si trong zeolite co cung
c&u truc, do dé thé tich mao quan cla ZIFs I6n hon thé
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tich ctia zeolite tuang Ung [11]. Bén canh do, d6 dai cau
ndi kha Ién clia cac vong imidazolate so vdéi nguyén tur
oxy nén kich thudc mao quén clia ZIF-14 16n han so vdi
zeolite ¢6 cung kiéu cdu tric. Dac diém nay cho thay
kha nang Ung dung tiém tang cla ZIF-14 trong linh vuc
hép phu va xtc tac [11].

Hinh 1 mo ta cac tién chat kim loai va linker, cdu tric
ANA [12,13] va c4u truc tinh thé clia ZIF-14 [10].

Hinh 1: C4c tién chat Zn?*, HelM (a), cau trdc ANA (b)

[12,13] va cau tric tinh thé cla ZIF-14 (¢) [10]. Khéi t&

dién mau xanh lam biéu thi ZnNa4, qué cdu mau vang

biéu thi khéng gian bén trong 16ng. Cac nguyén tir: C

(mau den), N (mau xanh lyc), nguyén tir H dugc lugc
bd @€ dé hinh dung [10].

Lién quan dén cong thic Zn(eIM), cla ZIF-14 (MAF-5,
ANA, do x6p 38,6 %), con c6 2 ddng phén cé cung
thanh phan hoa hoc nhung khéc nhau vé kiéu lién két
tao khung c4u tric, dan téi co cdu tric mao quan khac
nhau doé la MAF-6 (RHO, dé x8p 55,4 %) va MAF-32
(gtz, d6 x6p 0 %) [1]. Nhu vay, trong ho MAFs c6 cong
thirc Zn(eIM),, chi cd MAF-5 hay ZIF-14 va MAF-6 ¢6 gia
tri stf dung trong Iinh vuc hép phu va xdc tac. MAF-6 co
cau tric RHO, lién két qua vong 8 vdi hé théng mao
quan 3 chiéu ky nudc, kich thudc mao quén va héc 16n
tuong Ung bang 7,6 va 18,4 A [1].

ZIF-14 thusng dugc t6ng hop bang phucng phap nhiét
dung mdi, tinh thé clia chiing dugc tao thanh phu thudc
vao nhiéu yéu té [11]. Cho dén nay, ngudn kim loai Zn
cho téng hop ZIF-14 dudc st dung chi yéu la Zn(OH),,
7Zn0O, Zn(NOs).6H.O [11]. Téng hop ZIF-14 bang
phuong phép nhiét dung méi ludn c6 bé sung chét
thém, trong dé chét thém kiém (thudng la NH4OH,
triethylamine, tributylmethylammonium methyl
sulphate) hoa tan Zn?* tao ra dung dich riéng ré, sau do
tao hdn hop phan Ung véi dung dich dugdc hoa tan bdi
HelM va dung mdi (CHs;OH/1-octanol/N,N-dimethyl-
formamide), c6 thé co thém cac chat thém khac (nhu
cyclohexane, toluene, benzene). Phuong phap téng hop
nhiét dung méi cho két qua tét va dugc sif dung réng
rai [11].

Bai bao nay trinh bay k&t qua nghién clu dau tién vé
téng hop ZIF-14 tU zinc acetate dihydrate trong
methanol khéng bé sung chat thém. Mot s6 yéu té cd
anh hudng dén su hinh thanh ZIF-14 cling dugc dé cép.
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Thyc nghiém
Héa chdt

Hoa chat st dung gém: Zn(CHs;CO0),.2H.O dé tinh
khiét 98 % cla hang JHD, Trung Quéc. Dung dich
methanol (MeOH), HelM ¢6 dé tinh khiét 98-99 % cla
hang ADAMAS, Trung Quéc va nudc cét hai lan.

Nghién ciu mét s6 yéu t6 dnh hudng dén qud trinh téng
hop ZIF-14 tir Zn(CH3COQ)2.2H-0

Hoa tan mét lugng Zn(CH3COO),.2H,0 6 khéi lugng
xac dinh trong dung méi CH3OH, khudy dén khi tan hét
thu dugc dung dich A. Tiép dén, hoa tan mét lugng
HelM c6 khéi lugng xac dinh trong dung méi CHsOH,
khudy dén khi tan hét thu dugc dung dich B. Rét tur tur
dung dich A vao dung dich B dé tao thanh hon hgp
phan (ng. Hon hap nay dudc két tinh trong thdi gian ti
4-6 gig, tai nhiét d6 75-105 °C, khéng khudy tron. Két
thac thai gian két tinh, hdn hgp phan ting duagc loc ria
nhiéu lan bang nudc cét, ria 3 1an cudi bang CH;OH,
sdy kho trong 2 gid & nhiét d6 100 °C va séy chan khong
trong 6 gid & nhiét dé 150 °C. San phdm dugc can va
bdo quan trong lo kin.

Bang 1: Cac diéu kién thuc nghiém téng hap ZIF-14

Ky hiéu mau Ham Ham | Nhiét | Thai
lugng | lugng | do két | gian két
HelM MeOH tinh | tinh (h)
(mol Zn: | (mol Zn: | (°C)

HelM) | MeOH)

ZIF-5HelM 1:5

ZIF-6HelM 1:6

ZIF-7THelM 1:7

ZIF-100MeOH 1:100

ZIF-125MeOH 1:125

ZIF-150MeOH 1:150

ZIF-175MeOH 1:175

ZIF-200MeCOH 1:200

ZIF-75° 75

ZIF-90° 90

ZIF-105° 105

ZIF-4h 4

ZIF-6h 6

ZIF-8h 8

Thanh phan mol cla cac chat trong hdn hap phan Ung,
cac diéu kién vé nhiét @6 va thai gian phan Ung trén moi
mau dugc trinh bay trong bang 1.
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Ddc trung

Cac mau thuc nghiém dudc dac trung bdi phucng phap
nhiéu xa tia X (XRD) trén may D8 ADVANCE-Bruker
(Butc); phd hdp thu hdng ngoai (FT-IR) trén may IMPACT
FTIR 410 (BUc); chup anh hién vi dién tir quét (SEM) trén
may S-4800 (Nhat), xac dinh bé mat riéng (BET) trén hé
Micromeritics Gemini VII 2390 (M$).

SU dung phuong trinh Scherrer dé tinh kich thudc tinh
thé ZIF-14 t&r gidn do XRD [14]:

L = KA/(B.cosB) 0

Trong do: L la kich thudc tinh thé (nm), K 1a hang s&
(0,96), A la budc séng tia X (nm), B la chiéu réng tai mét
nlfa pic c6 cuong doé cuc dai (FWHM) (radian) va 6 la
goc nhiéu xa (radian).

Do tinh thé tuong ddi clia ZIF-14 c6 thé dugc xac dinh
la ty |é gita t6ng dién tich ctia cac pic ZIF-94 (S1) so Vi
t8ng dién tich pic cla t4t ca cac pha tinh thé trong mau
(S2) bdi phuang trinh [15]:

C (%) = (51/52).100 @)

Hiéu sudt clia phan Ung téng hop ZIF-14 dugc xac dinh
3 ty 1& gitta khéi luong chét rén ZIF-14 thuc té thu dugc
(Mgeal) O Vi khéi luong ZIF-14 t6i da c6 thé dugc tao ra
theo Iy thuyét (Mrheor) b3i phucng trinh [16]:

Y (%) = (Mreal/Mtheor). 100 (3)

Két qua va thao luan
Két qua nghién cuu cdc yéu t6 dnh hudng

Hinh 2a trinh bay két qua phan tich XRD cula cac tién
chat Zn(CH3;CO0),.2H,O va HelM, cac mau thuc
nghiém nghién ctu anh hudng cla ham lugng HelM
trong dung dich phan ng, c6 déi ching vdi gian do
XRD mé phdng clia ZIF-14 theo [1]. TU day c6 thé théy,
gian do XRD cla céc tién chat hoan toan khéc so vdi
gidn dod XRD clia cac mau téng hap. Biéu dé co nghla
la, sau phan Ung cac tién chéat da bi hoa tan hét vao
dung dich. Trén gian do XRD cla 3 mau nghién cltu anh
hudng cla ham lugng HelM la ZIF-5HelM, ZIF-6HelM
va ZIF-7HelM d& xuét hién cac pic dac trung cho cac
tinh thé khac nhau va khéng con pic dac trung clia céc
tién chat. Cu thé, gian dd XRD cla ca 3 mau déu xuét
hién cac pic dac trung cho ZIF-14 tai cac mat phéng
phanxa (112), (004), (23 3)va(125)tudng Ung vdi
géc 26 = 8,1° 13,4% 15,9° va 18,4° — phu hgp rat tét vdi
XRD mé phong clia ZIF-14. Tuy nhién, mau ZIF-5HelM
vdi ty 1é mol Zn?* : HelM = 1: 5 vdi bé pic dac trung cho
ZIF-14 chua dat cudng do cuc dai va con xuét hién cac
pic dac trung ctia ZnO tai cac gia tri 26 ~ 31,8°, 34,3°va
36,2° [15]. Biéu nay chiing t6 khi ham lugng HelM thap,
tién chat Zn(CHsCOO),.2H,0 tuy d& tan vao dung dich
nhung chua phan Ung hét. Mau ZIF-7HelM, gian do XRD

Lin (Cps)

ghi nhan ngoai céc pic dac trung clia ZIF-14 con xuét
hién céc pic manh clia MAF-32 tai cac gié tri 26 ~ 13,8°
va 25,0° [3]. Nhu vay, khi ham lugng HelM cao, cac tién
chat tuy da tan hét vao dung dich phan ¢ng, nhung quéa
trinh hinh thanh lién két Zn—elM-Zn lai khdng chon loc
d6i véi cau tric ANA cla ZIF-14. D6 tinh thé cla ZIF-14
trong cac mau ZIF-5HelM, ZIF-6HelM va ZIF-7HelM
dugc xac dinh theo phuong trinh Scherrer uong Ung
bang 85, 100 va 45 %. Bé&i vai mau ZIF-6HelM, quan sat
thady gian do XRD clia mau nay tuong tu nhu gian dé
XRD mé phdng cla ZIF-14. Biéu nay ching to ty |é mol
Zn’* - HelM = 1: 6 la thich hgp, tai dé qua trinh két tinh
chon loc va tao ra ZIF-14 tinh khiét, khong ER pha la.

(a) MAF-6 (b)
Zn(CHsC00)..2H,0
HelM ZIF-125MeOH
ZnO
l 7
S
J ZIF-5HelM =
= ZIF-150MeOH
Ll L‘J\.M J“ L. L
g MAF-32
g 2 4 \
g
Ju 8 ZIF-6HelM l l ZIF-175MeOH
o N i A 1 P PO A
/ MAF-32 / MA£-32
11. A ZLF-7He|M I ZIF-200MeOH
— U
gﬁ @ g’m‘a
| S S ZIF-14 (simulated) | a3 ZIF-14 (simulated)
\H\‘HHUH‘\‘HH‘\‘H\‘HH‘HH‘HH \H\‘HHUH‘\‘HHU‘H\‘HH‘HH‘HH
5 10 20 30 40 5 10 20 30 40

2-Theta - Scale 2-Theta - Scale

Hinh 2: Gian dd XRD cla c4c tién chat, cac mau
nghién cliu anh hudng clia ham lugng HelM (a); Gian
dd XRD clia cac mau nghién clu anh hudng ctia ham

luong MeOH (b); ZIF-14 (simulated) theo [1]

TU hinh 2b, 5 gidn d& XRD clia 5 mau nghién cttu anh
hudng clia ham lugng MeOH dugc cho la rat khac nhau.
Khi ty 1& mol Zn?* : MeOH = 1:100, gian do XRD cua
mau ZIF-100MeOH xuét hién céc pic dac trung cho ZIF-
14, MAF-6 va ZnO. MAF-6 la dong phan c6 cing cong
thiic hda hoc véi ZIF-14, nhung cau trdc RHO, pic dac
trung tai viing 26 = 7,6° [17]. ZnO la phan mudi Zn®* tan
vao dung dich nhung chua phan Ung hét nhu da gidi
thich & trén. Khi ty 1&é mol Zn?* : MeOH = 1: 125, gian do
XRD ctia mau ZIF-125MeOH xuét hién 2 bod pic dac
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trung cho ZIF-14 va MAF-6. Tuy nhién, cudng doé pic dac
trung cho ZIF-14 cao han so vdi pic cla ZIF-14 trong
mau ZIF-100MeOH, dugc cho 1a su chuyén hda ZnO
trong dung dich cé chuda ligand elM™. Tréi lai, khi ty 1&
mol Zn?* : MeOH = 1: 175, gian do XRD clia mau ZIF-
175MeOH xuét hién pic c6 cucng dd manh cla MAF-32
va cudng dé yéu cla ZIF-14. Khi ty 1& mol Zn’* : MeOH
=1:200, gian d& XRD clia mau ZIF-200MeOH c6 chifa
cac pic rat manh dac trung cho MAF-32, trong khi pic
dac trung cho ZIF-14 ¢ cudng d6 rat yéu. Quan sét théy
chi c6 duy nhat gidn do XRD clia mau ZIF-150MeOH
Ung vdi ty 1é mol Zn?* : MeOH = 1: 150 la tuong ty nhu
gidn dé XRD mé phdng cla ZIF-14. D6 tinh thé cta ZIF-
14 trong cac mau ZIF-100MeOH, ZIF-125MeOH, ZIF-
150MeOH, ZIF-175MeOH va ZIF-200MeOH dugc xac
dinh theo phuong trinh Scherrer uong Uing bang 60, 72,
100, 30 va 5 %. Nhu vay, khi ham lugng MeOH tang dan,
6 su chuyén pha tir ZnO = MAF-6 = MAF-5 (ZIF-14)
> MAF-32, diéu nay c6 thé phu hgp véi cdu tric mao
quén cang hep thi sé cang bén trong cung diéu kién.

MAF-6 (a) MAF-6 (b)

ZIF-75° ZIF-4h
Z 2
& g
=] =)
3 ZIF-90° | 5 J ZIF-6h
| J Aha e s N Y R
MAF-32 MAF-32
ZIF-105° / \' ZIF-8h
LA . | I _J ‘ ) e
Q

(112)

3 & ZIF-14 (simulated) & & ZIF-14 (simulated)

< °

— (004)
— (004)

5 10 20 30 40 5 10 20 30 40
2-Theta - Scale 2-Theta - Scale

Hinh 3: Gian d& XRD méau nghién cliu anh hudng cla
nhiét dé (a) va thai gian (b); ZIF-14 (simulated) theo [1]

Hinh 3 trinh bay gian d& XRD clia cac mau nghién clu
anh hudng cla nhiét d4 (hinh 3a) va thai gian két tinh
(hinh 3b). Trén hinh 3a, khi nhiét d6 phan Ung tang dan
tUr 75 1én 90 va 105 °C, cho thdy quy luat chuyén pha
dugc 1ap lai, tt MAF-6 > MAF-5 = MAF-32. B¢ tinh
thé clia ZIF-14 trong cac mau véi nhiét dé két tinh bang
75,90 va 105 °C tucng Ung dugc xac dinh theo phuang
trinh Scherrer bang 68, 100 va 14 %. Nhu vay, yéu té
nhiét déng hoc cling déng vai trd xUc tién qué trinh
chuyén pha gitta cac dong phan nay. Tai 90 °C, gidn do
XRD clia mau ZIF-90° gi6ng nhu gian dd XRD md
phong cla ZIF-14, ching té 90 °C la nhiét dé thich hap
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cho téng hgp ZIF-14 trong diéu kién thuc nghiém da
ti€n hanh.

Trén hinh 3b, khi thai gian phan Ung tang dan tu 4 1én
6 va 8 gid, quy ludt chuyén pha tiép tuc dién ra theo
chiéu hudng tir MAF-6 > MAF-5 (ZIF-14) > MAF-32.
D6 tinh thé cla ZIF-14 trong cac mau vdi thai gian két
tinh bang 4, 6 va 8 gi¢ tuang Ung dugc xac dinh theo
phuang trinh Scherrer bang 78, 100 va 81 %. Mau tao
thanh c6 doé tinh khiét cao nhét la ZIF-6h, dugc két tinh
trong 6 gid. Nhu vay cé thé cho rang, vat liéu mao quan
co cong thic ZneIM), gdm 3 ddng phan nay rat dé
chuyén pha cau trdc khi thay déi thanh phan gel va diéu
kién phan Ung. biéu dac biét la hdu hét cac béo céo
téng hap ZIF-14 déu c6 méat chat thém dong vai tro kiem
yéu dé thuc day viéc tach H* tir linker HelM dé tao ra
ligand elM—, trudc khi két ndi vai nhau tao ra lién két
Zn—elM-Zn, thi trong nghién citu nay, khdng c6 mat
chéat thém van cé thé tao thanh ZIF-14. Tuy nhién, ludng
linker sif dung theo ty 1é mol Zn?* : HelM tUf 5-7, cho
thdy da st dung lugng du linker, lugng du nay cé thé
cling déng vai tro nhu mét méi trudng kiém yéu do
linker c6 chia nguyén ti nitg. Diéu nay lién quan dén
su phan ly va phdi tri linh déng ctia anion CH;COO™, tao
diéu kién dé Zn?* lién két vai HelM va hinh thanh cau
néi Zn—eIM-Zn. Boéng thdi, lugng HelM du cling gop
phén tao méi trudng thuan Igi cho qua trinh két tinh va
chuyén pha t&r ZnO/MAF-6 sang ZIF-14. Nhin chung, cac
két qud hinh thanh ZIF-14 chiu &nh hudng déng thdi bdi
ty 16 mol Zn®* : HelM : MeOH, nhiét d6 va thdi gian két
tinh. Sy thay déi cac diéu kién nay lam thay déi muic dé
xuat hién clia cac pha Zn(elM),, déng thai anh hudng
dén doé tinh thé cua vat liéu.

TU céc két qua trén day, ZIF-14 dugc téng hop trong
diéu kién thich hop la ty [é mol Zn?* : HelM : MeOH = 1
16 1150, thai gian két tinh trong 6 gid tai 90 °C, khéng
khuéy tron.

Ddnh gid két qud téng hgp ZIF-14 trong diéu kién thich hop

Hinh 4 trinh bay gian dd XRD cla ZIF-14 dugc téng hap
trong diéu kién thich hgp, co déi chiing véi gian dé XRD
mo phong clia ZIF-14 theo [1] (hinh 4a) va phS FT-IR cla
HelM va ZIF-14 t6ng hap (hinh 4b). C6 thé nhan ra, 2
gian dé XRD trén hinh 4a hoan toan giéng nhau, dudng
nén phang, khéng chifa pha la, chiing té dé tinh khiét
cao (d6 tinh thé dat 100 % nhu da dugc trinh bay & trén).
Dang chu y 1a mau ZIF-14 téng hop ¢ db réng chan pic
tai gia tri pic dac trung nhét (26 ~ 8,19 kha Ién, ching
td tinh thé cé kich thudc kha nho, da duoc xac dinh theo
phucng phap XRD bang 280 nm.

Trén hinh 4b, phé hdp thu héng ngoai dugc ghi trong
ving budc séng tU 4.000-400 cm™ d& xac nhéan, dam
phS cé dinh hép thu tai 3482 cm™ déc trung cho dao
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dong kéo gian cla lién két N-H va tai 2971 cm™ thudc
vé dao déng kéo gian cua lién két C—H [18]. Cac dam
phd tai 1455 cm™ va 744 cm™ véi cudng dé rét manh,
dugc gan cho dao déng uén khéng déi xiing va dao
dong lac cla —CHs [18]. Cac dam phd & 1142 cm™ va
1052 cm™ dugc quy cho dao déng uén cla lién két
C=C-H. Cac dadm phd c6 dinh tai 1320 cm™ va 1244 cm’’!
dac trung cho céac dao déng kéo gian cla lién két C-N.

(a)

I E ZIF-14 t3ng hop

(112)
(004)

(125)

Lin (Cps)
112) |

gAA ZIF-14 (simulated)
S ™ in
— o
|S:L:L
A A .
e O S ===
5 10 20 30 40

2-Theta - Scale

%T HelM

1332
1563
2980 1452 4405
1052

ZIF-14 téng hop

3482 2971 431

1052 744

T
4000 3000 2000 1000 500 Cm’

Hinh 4: Gian d& XRD méau ZIF-14 dugc téng hop
trong diéu kién thich hgp (a); PhS FT-IR cla tién chat
HelM va mau ZIF-14 dugc téng hap trong diéu kién
thich hap (b); ZIF-14 (simulated) theo [1]

Céc dinh hap thu nay da chiing minh sy ton tai clia ethyl
imidazolate elM™ trong cédu tric khung clia ZIF-14 [18].
Bén canh d¢, trong mau ZIF-14 t8ng hop cé su xuat hién
dao doéng kéo gian cla lién két Zn—N tai 431 cm™ [12,19]
chiing t& d& co su lién két gitta vong imidazole véi kém
nam & trung tam tu dién, dam phé nay khdong xudt hién
trong HelM. R rang, phé FT-IR da xac nhan ZIF-14 da
dugc téng hgp thanh cong.

Hinh 5 trinh bay anh SEM (a), gian do hép phu va giai
hap phu N> (b) va phan bé 16 x6p ving mao quan trung
binh (c) clia mau ZIF-14 téng hap.
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T hinh 5a c6 thé quan séat théy tinh thé tao thanh kha
dong déu, kich thudc trung binh khodng 400 nm, khong
thdy pha la. Kich thudc tinh thé ZIF-14 dugc téng hop
bang 400 nm (theo SEM) la rat thap so vdi kich thudc ti
4,5-6,5 um trong cac bao céo téng hop ZIF-14 d& cong
bd [15,20]. Kich thudc tinh thé thdp trong nghién clu
nay c6 thé 1a do quéa trinh tao méam va I8n 1én cla tinh
thé ZIF-14 dién ra nhanh, tuong ty nhu da dudc thao
luan trong [20,21]. Kich thudc xac dinh theo phucng
phap SEM cao han so vdi xac dinh theo phucng phap
XRD (bang 280 nm) la phu hop véi nguyén ly cla
phuang phap XRD va SEM.
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Hinh 5: Anh SEM (a), gidn dd hap phu - gidi hap phu
N2 (b) va phan b6 16 xEp viing mao quan trung binh
(c) ctia mau ZIF-14 dugc téng hop trong diéu kién
thich hgp

Trén hinh 5b, gidn dé hap phu va gidi hdp phu N; cla
mau ZIF-14 t8ng hap c6 dang dudng dang nhiét hap
phu thudc loai I, chti yéu chra vi mao quan do muc dé
hap phu N, cao trong ngay tai ving ap suét tuong déi
thap (p/po < 0,02). Budng hap phu va gidi hdp phu gan
nhu trung nhau hoan toan cho biét khdng xudt hién
mao quan trung binh, dang dudng dang nhiét hdp phu
nay tucong tu nhu da dugc béo céo [11,20,22]. Trén hinh
5¢, phan b6 16 x8p viing mao quan trung binh clia mau
ZIF-14 khong xudt hién dinh pic, phu hgp véi duong
dang nhiét hdp phu khéng cé vong tré va rét phu hap
v&i bé mat ngoai thdp (bdng 34 m?/g) clia mau ZIF-14
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da téng hap dugc. Dién tich bé mat riéng dugc xac dinh
bang 513 m?/g (theo BET), bang 680 m?/g (theo Langmuir),
thé tich vi mao quan do dudc bang 0,22 cm?/g.

Hiéu sudt ZIF-14 tao thanh khi dugc téng hop tu
Zn(CH5C00)2.2H,0 trong MeOH khéng bé sung chét
thém dudc xac dinh bang 60,2 %. Hiéu nay tuy thap hon
khi ZIF-14 dugc téng hop ti ZnClo bang 74 % [23],
nhung van cao hon dang k& so vdi hiéu sust ZIF-14 bang
47-48 % dugc téng hgp tir cac bao céo [20,24]. Su khac
biét vé hiéu suét téng hgp ZIF-14 gitta cac nghién clu
lién quan dén su khac nhau vé& ngudn Zn#, diéu kién
phan Ung, ty 1& Zn’* : HelM, dung mdi va chét thém
trong quaé trinh t6ng hgp. Trong nghién clu nay, ZIF-14
dugc hinh thanh trong méi trusng MeOH khéng bé
sung chat thém nén qué trinh tao mam va chuyén pha
dién ra khac véi cac hé st dung chat ho trg két tinh. Tuy
nhién, vat liéu thu dugc van dat dé tinh khiét cao, cho
théy diéu kién téng hop da lua chon phu hop cho qué
trinh hinh thanh ZIF-14.

Két luan

D3 dé xudt dugc mét phuong phap mdi téng hop ZIF-
14 tU zinc acetate dihydrate trong methanol khong b6
sung chéat thém. Cac yéu t& nhu thanh phan cac chat
tham gia vao dung dich phan Ung, nhiét dé va thdi gian
két tinh déu cé anh hudng dén su hinh thanh ZIF-14.
Theo phuang phap nay, tai cac diéu kién thich hgp, ZIF-
14 dugc t6ng hop o ty 16 mol Zn?* - HelM : MeOH = 1
: 6 : 150, thai gian két tinh trong 6 gid tai 90 °C, khong
khudy tron. ZIF-14 thu dugc tinh khiét, bé mét riéng
(BET) bang 513 m?/g, kich thudc tinh thé bang 400 nm
(theo SEM), hiéu suét dat 60,2 %.
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