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ABSTRACT

This paper reports the synthesis of nano-ZIF-90 from zinc sulfate
heptahydrate at room temperature. The factors of solvent composition,
crystallization time and repeatability of the synthesis process of nano-
ZIF-90 from ZnSO4.7H20 have been reported. The stability of
synthesized nano-ZIF-90 according to temperature and environmental
pH to be used as a drug carrier for cancer treatment is also discussed.
XRD, F-TIR, SEM, TEM, BET and DTA/TGA methods have been used to
characterize the structure and properties of the studied samples. The
synthesized nano-ZIF-90 material has crystallinity of 100 % (by XRD),
specific surface area of 468 m?/g (by BET), crystal size of 43 nm (by
TEM), and thermal stability up to 250 °C. In particular, it was determined
that at pH = 5.5, the nano-ZIF-90 structure began to break down,
increasing the ability to deliver potential drug payloads due to structural
collapse when using nano-ZIF-90 as a drug carrier.

Gidi thiéu chung

thanh céng nhd su da dang clia cac imidazole va kim
loai [1,7,8].

ZIFsla mét loai vat liéu khung imidazolate — kim loai vdi
cdu tric tinh thé 3 chiéu, dugc xay dung tUr cac td dién
cation kim loai Me?* (vi du: Zn®*, Co*") n&i cau vdi anion
imidazolate (Im7) [1-4]. Trong thuc t&, géc Me-Im-Me
tuong tu nhu goc Si=O-Si (145°) trong zeolite [5,6]. Vi
vay, ngay cang c6 nhiéu loai ZIFs méi dugc téng hap
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MGt trong s6 vat liéu ZIFs dudc nghién clu nhiéu la ZIF-
90. ZIF-90 dé& dugc William Morris va cdng su [9] tim ra
lan dau tién vao nam 2008. V& cdu trac kiéu SOD
(sodalit), ZIF-90 dugc xay dung tu cac tur dién kém qua
cau ndi la 2-imidazole carboxaldehyde (IcaH), véi goc
Zn—lca—Zn xap xi 145° [10]. ZIF-90 c6 dudng kinh mao
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quan bang 0,35 nm va kich thudc héc [én cia mao quan
bang 1,12 nm [9], d& dugc nhiéu nha khoa hoc trén thé
gidi téng hagp, dac trung va Ung dung [11-18].

T dac diém céu tric rét dac biét clia ZIF-90 trén day,
cac nghién clu trén thé gidi da khai thac theo hudng
vlfa Ung dung tryc tiép ZIF-90 téng hop dudc, vira bién
tinh ZIF-90 sau t6ng hop dé tao ra cac vat liéu co tinh
Ung dung da dang. Bai b4o nay trinh bay két qua nghién
clu déu tién vé t6ng hgp nano ZIF-90 tir kém sulfate
heptahydrate tai nhiét d& phong, nghién ctu mot sé
yéu t6 cb anh hudng dén qué trinh t6ng hap, nghién
cltu d6 lap lai ctia quy trinh téng hap, xac dinh dé bén
clia nano ZIF-90 t6ng hgp dé hudng dén tng dung lam
chat mang thudc chita bénh ung thu.

Thyc nghiém va phuang phap nghién clu
Héa chat

S0 dung hda chéat gébm: ZnSO4.7H,O cla hang JHD,
China, d6 tinh khiét 98%. 2-imidazole carboxaldehyde
(IcaH), ethanol (C:HsOH), N,N-dimethyl formamide
(DMF) cla hang ADAMAS, China, d6 tinh khiét 97-99%
va nudc cat hai lan.

Nghién ciu téng hop ZIF-90

Can mét lugng xac dinh ZnSO4.7H,O réi cho vao dung
moi CoHsOH theo ty 1€ mol ZnSO4.7H,O : CoHsOH xac
dinh, khudy dén khi tan hét thu dugc dung dich A. Tiép
dén, can mot lugng xac dinh IcaH réi cho vao dung moi
DMF theo ty Ié mol IcaH : DMF x&c dinh, khudy dén khi
tan hét thu dugc dung dich B.

Bang 1: Thanh phan va diéu kién t6ng hop ZIF-90

tU ZnSO4.7H0
Ky hiégu  Thanhphandung  Thai  Trong lugng
moi DMF gian két  ZnSO4+.7H,0O
CoHsOH, mol/mol  tinh, h  trong mau, g
ZIF-D100 100 : 200
ZIF-D125 125 : 175 18 0,32
ZIF-D150 150: 150
ZIF-H12 12
ZIF-H18 125 :175 18 0,32
ZIF-H24 24
ZIF-Small 125 :175 18 0,32
ZIF-Large 125175 18 8,00

(Ty 16 mol Zn®* < IcaH = 1: 4, két tinh & nhiét d6 phong)

ROt tUr tr dung dich A vao dung dich B dé tao thanh hon
hgp phan Ung vdi ty 1&€ mol ZnSO4.7H,0 : IcaH : DMF :
CoHsOH xéc dinh. HONn hgp nay dudc két tinh thiy nhiét
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trong thai gian 12-24 gid, tai nhiét d6 phong, cé khudy
tron lién tuc. Két thac thai gian két tinh, hdn hgp phan
Ung dugc loc rita nhiéu 1an bang nudc cat cho dén khi
nudc rifa hét ion SO4°, rdi sdy trong 2 gid 3 nhiét do
100 °C va say chan khong trong 5 gid & nhiét do 150 °C.
Thanh phan mol clia hdn hgp phan tng, cac diéu kién
vé nhiét dé va thai gian phan Uing trén mdi mau dugc
trinh bay trong bang 1. D& nghién cltu su 13p lai cia quy
trinh, mot mau dugc chudn bi véi khéi luong
7ZnS0.4.7H,0 tang 25 lan trong hdn hop phan Ung Idc
ban dau.

Nghién cau do bén cta ZIF-90

Nghién cltu d6 bén clia ZIF-90 theo nhiét do: Mau ZIF-
90 dugc téng hap lugng 16n, chudn bi 5 mau nho Vi
lugng 0,5 gam réi dugc dua vao céc nung va tién hanh
nung trong khéng khi tuong Ung tai nhiét d6 250, 300,
350, 400 va 450 °C. Biéu chinh t&c do tang nhiét tu nhiét
dé phong dén nhiét do can thiét vdi téc dd nang nhiét
5%/phut. Thai gian gil tai nhiét do can nung la 3 gid. Két
thic thai gian nung, cac mau dugc lam ngudi ty nhién
dén nhiét d6 phong va dua vao lo sach dé bao quan.
Nghién clu do bén cla ZIF-90 theo pH mdi truong:
Tuong tu thuc nghiém & muc 2.3.1, 3 mau ZIF-90 vdi
lugng 0,5 gam dugc phén tan vao ting coc chra 100 ml
dung dich NaOH c¢é pH lan luct bang 5,5; 6,5 va 7,5. 3
c6c ¢6 pH khac nhau ciing dugc dé yén lang trong 12
gids. Sau dob cac mau dugc loc 1dy phan chat ran, say kho
G 95 °C roi sdy chan khong trong 6 gid & 120 °C. Sau khi
sdy chan khong, cac mau dugc lam ngudi dén nhiét dé
phong va dua vao lo sach dé bao quan.

Bdc trung cdc mau nghién cau

Cac méu téng hop dugc dac trung bdi phuong phap
nhiéu xa tia X (XRD) trén may D8 ADVANCE-Bruker
(BUc); phé hap thu héng ngoai (F-TIR) trén méy IMPACT
FTIR 410 (BUtc); chup anh hién vi dién t& (SEM) trén may
S-4800 (Nhat), chup anh hién vi dién t truyén qua trén
may JEM 1010 (Nhé&t); xac dinh bé mat riéng (BET) trén
hé Micromeritics Gemini VIl 2390 (My).
SU dung phuong trinh Scherrer @é tinh kich thudc tinh
thé tir gian d& XRD [17]:
L = KA/(B.cosO)

Trong do: L la kich thudc tinh thé (nm), K la hang s6
(0,96), A la budc song tia X (nm), B la chiéu réng tai mét
nlfa pic c6 cudng doé cuc dai (FWHM) (radian) va 6 Ia
goc nhiéu xa (radian).
Hiéu suét téng hgp dugc tinh theo cong thic [17]:

Y (%) = (Mtt/MIt).100
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Trong do: Y la hiéu sudt téng hap (%), Mtt la khéi luong
mau ZIF-90 thu dudc (g), Mit 13 khéi lugng ly thuyét téi
da tinh theo chat gidi han (g).

Két qua va thao luan

Anh hudng cta thanh phdn dung méi va thoi gian két
tinh ZIF-90 tar ZnSO4.7H>0

K&t qua nghién cltu anh hudng clia thanh phan dung
moi va thai gian két tinh dén qué trinh t6ng hop ZIF-90
tU ZnSO4.7H20 dugc trinh bay trong hinh 1.

(a) (b)

‘ I ‘ ZIF-D150 ZIF-H24

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

Lin (Cps)
Lin (Cps)

Hinh 1: Gidn do XRD clia cac mau nghién cliu anh hudng
clia thanh phén dung méi (a) thai gian két tinh (b)

TU hinh 1a c6 thé théy, gian do XRD cla cac mau vdi
thanh phan dung méi khac nhau la khac nhau. Mau Z-
D125 vdi ty 1é mol DMF : C;HsOH = 125 : 175 cho dudng
nén phang, b pic dic trung cho ZIF-90 d4 xudt hién
hét trén phS do véi cudng d6 manh, khong 1an pha la.
Trong khi do, mau Z-D100 vdi ty 1é mol DMF : CoHsOH
=100 : 200 va mau Z-D150 vdi ty 1&é mol DMF : CoHsOH
= 150 : 150 déu xuét hién nén v6 dinh hinh. Diéu nay
dugc giai thich 1a do khi ty [é mol DMF : C;HsOH = 100
: 200 vdi do kieém thap nhat lam cho qué trinh lién két
gita Ica” va Zn** dién ra cham, sau 18 gi& két tinh chua
du dé tao ra ZIF-90 c6 dé tinh thé cao. Khi ty 1é mol
DMF : CoHsOH = 150 : 150, mac du thé tich dung dich
phan Uing khéng thay déi, nhung & ty 1€ nay, méi trudng
phan Ung c6 do kiém cao nhét do lugng DMF nhiéu
nhat, cling xuat hién nén vo dinh hinh nhung it han. Nhu
vay, trong diéu kién thuc nghiém da tién hanh, ty 1é mol
DMF : CoHsOH = 125 : 175 thuén Igi nhét cho qua trinh
tach H* khdi HelM va xuc tién hinh thanh lién két Zn—
elM-Zn dé tao ra cdu tric ZIF-90.

Trén hinh 1b, két qué nghién clu dnh hudng cua thai
gian két tinh khac nhau dén qué trinh hinh thanh ZIF-90
cho thdy r6, khi thdi gian két tinh thap (12 gid), gidn do
XRD ctia méu téng hap chia lugng vo dinh hinh kha 16n
la do thasi gian chua di dé cac tu dién Zn®* ghép ndi hét
vGi cac imidazolate nén cac pic ZIF-90 cé cudng dé thap

va van con dudng nén vo dinh hinh cao. Khi thai gian
két tinh tang 1én 24 gid, gidn d& XRD van théy xudt hién
nén vo dinh hinh yéu. Diéu nay co 18 1a do trong diéu
kién phan Ung da thuc hién, mau két tinh trong 18 gi¢s
da dat cuc dai vé dé tinh thé ZIF-90. Kéo dai thém thai
gian két tinh |én 24 gid c6 thé da c mét phan tinh thé
ZIF-90 bi phé v& tao ra nén vo dinh hinh nay.

Céc két qua thuc nghiém thu dugc cho thay ZIF-90 dugc
tao thanh cé doé tinh khiét cao trong diéu kién: Ty 1é
thanh phan mol Zn** : IcaH : DMF : CoHsOH = 1: 41125
1175, phén Ung trong 18 gid & nhiét dé phong, cé khudy
trén lién tuc.

D6 ldip lai caa quy trinh t6ng hop ZIF-90 tir
2ZnS04.7H20

Hinh 2a trinh bay gian do XRD va phd F-TIR clia mau
ZIF-90 téng hap vdi lugng nhd (ZIF-Small) va lugng 16n
gap 25 lan (ZIF-Large). Cac diéu kién khac dugc gilr
nguyén nhu da trinh bay trong bang 1.

C6 thé dé dang quan sat thdy 2 gian dd XRD trén hinh
2a la tuong tu nhau, chiing chi xuét hién mot bé pic dac
trung cho ZIF-90, dudng nén phdng va khong 1an pha
la, chiing t& 2 mau nay ¢ do tinh thé cao, d6 13p lai tét,
tuong tu nhu két qua dé thao luan trong [17,19].

% T

@) o)
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1169 gs6

l ZIF-Small 1455[1364 ZIF-Small
1668 1416 789
V 535
1168 956
'J I ZIF-Large 1456|1363 ZIF-Large
1669
1416

788

Lin (Cps)
—

510 20 30 40 1800 1400 1000 600 cm™

2-Theta - Scale
Hinh 2: Gian dé XRD (a) va phé F-TIR (b) cia mau
ZIF-90 lugng nhd (ZIF-Small) va lugng 16n (ZIF-Large)

Két qua chup phé F-TIR clia 2 mau nay dugc trinh bay
trén hinh 2b. TU ddy c6 thé nhan théy, cac dam phd xuét
hién trén hinh 2b tuong tu nhu xudt hién trong phé F-
TIR cla ZIF-90 tinh khiét da dugc thdo luan trong [17].
Trong do, dam phd xung quanh 1668 cm™ xudt hién vdi
cudng dé manh, dac trung cho dao ddng kéo dai clia
lién két C=0, ching minh su c6 mat clia cadc nhém
aldehyde trong tinh thé ZIF-90 [19]. Cac ddm phd xung
quanh viing 1455, 1416 va 1364 cm™ tuong Ung dac
trung cho dao dong udn cua lién két C-H, C=C, C=N
trong vong imidazolate [20]. Cac dam phé xung quanh
vling 956 va 789 cm™' tuong Ung dac trung cho dao
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déng udn trong va ngoai mat phang cla vong
imidazolate [19]. Trong khi d6, cac ddm phdé xung quanh
vling 533 cm™" d&c trung cho dao déng kéo dai cla lién
két Zn-N [21]. Cac két qua phan tich F-TIR nay da ching
té ZIF-90 da dugc tao thanh véi do tinh khiét tét, dé lap
lai dang tin cay.

Hinh 3 mo ta anh SEM va TEM clia mau ZIF-90 lugng
nhd va mau ZIF-90 lugng Ién. Quan sat anh SEM cho
thdy, mau ZIF-90 lugng nho (hinh 3a) va mau ZIF-90
luong 16n (hinh 3b) déu xuét hién céc hat tinh thé c6
kich thudc nho, khéng quan sét théy tinh thé la. Kich
thudc tinh thé theo SEM trung binh bang 51 nm déi véi
mau ZIF-90 lugng nho va bang 59 nm déi véi mau ZIF-
90 lugng Ian.

Dai v&i anh TEM, & 2 hinh 3¢ (mau ZIF-90 lugng nho)
va hinh 3d (mau ZIF-90 lugng I6n) cling dugc cho la
tuong tu nhau. Kich thudc tinh thé do dugc tuong Ung
bang 43 va 46 nm. Cac két qua SEM va TEM d& ching
minh quy trinh t6ng hop ZIF-90 tir ZnSO4.7H,O cho dé
|3p lai dang tin cay.

- x.e“

| ZIF-Large |

Hinh 3: Anh SEM (a) va TEM (c) ctia mau ZIF-90
lugng nhd (ZIF-Small); anh SEM (b) va TEM (d) cla
mau ZIF-90 lugng Ién (ZIF-Large)

Két qua hap phu - giai hdp phu N2 va phan bé 16 x6p
vling mao quéan trung binh cia mau ZIF-90 lugng nho
mau ZIF-90 lugng I6n dugc trinh bay trong hinh 4.

Trén hinh 4a, gidn doé hap phu va gidi hap phu N, cua
mau ZIF-Small xudt hién vong tré nhé trong khoang ap
suét tuang daéi tir 0,42-0,99, tuang tu nhu ZIF-90 dugc
téng hap tir ZnCl, [17]. Tuy nhién, d6 déc & vung ap suét
tuong déi cao clia mau ZIF-Small trén hinh 4a thdp hon
déi véi mau ZIF-90 dudc téng hop theo [17], 1a do dién
tich b& mat ngoai ciia mau ZIF-Small chi bang 79 m?/g,
trong khi dién tich bé mat ngoai ctia mau ZIF-90 [17]
https://doi.org/10.62239/jca.2025.052
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bang 198 m?/g. Phan bd 16 x&p ving mao quan trung
binh cla ZIF-90 dugc téng hop ti ZnSO4.7H.O tap
trung & 3,9 nm, bé mat riéng Langmuir = 606 m?/g, BET
= 468 m?/g thap hon cac mau ZIF-90 téng hop tur [17,18]
do anion SO,* c6 dé phén cuc cao va hoa tan kém
trong dung moi hitu ca nén khé loai bd hoan toan trong
budc hoat hoa, dan dén mét phan 16 x8p bi che 18p 1am
gidm dién tich bé mat.

(a) 3.9
600 ZIF-Small

400 _|

Pore Volume (Av/Ad)

Volume adsorbed (cm®/g)

—0— Giai hép phu

—o— Hép phuy

0 \ \ \ \
0.0 0.2 0.4 0.6 0.8 1.0
Relative Pressure (P/P,)
3.9
w0 4 &) 3 ZIF-Large
400 | E;

[N
[=3
(=]
|

Volume adsorbed (cm®/g)

—@— Giai hép phu

—oO— Hép phu

T T T |
0.0 0.2 0.4 0.6 0.8 1.0

Relative Pressure (P/P,)

Hinh 4: Gidn do héap phu va gidi hap phu N, phan
bd 16 x6p ving mao quan trung binh cla cac mau
ZIF-90 lugng nhd (a) va lugng 16n (b)

Quan sat hinh 4b dé dang nhan thdy mau ZIF-Large
tuong tu nhu ZIF-Small vé hinh dang dudng héap phu,
giai hdp phu cling nhu déu xuét hién viing mao quan
trung binh tap trung tai 3,9 nm - Ia mao quan trung
binh th{ cdp, dugc tao nén tU khe hd gitta cac hat tinh
thé co kich thudc nano. Mau ZIF-Large do dudc bé mat
rieng BET = 457 m?/g, Langmuir = 600 m?/g, bé mat
ngoai = 76 m?/g, mao quan trung binh cling tap trung
33,9 nm.

Tém lai, thbng qua 5 phuang phap dac trung (XRD, F-
TIR, SEM, TEM, hép phu - gidi hdp phu N,) trén day da
chiing minh quy trinh t6ng hop ZIF-90 tir ZnSO4.7H,O
cho dé lap lai dang tin cdy, m& dudng cho téng hop ZIF-
90 quy md 16n hon dé Ung dung chiing trong tuong lai.
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Hinh 5: Gidn dd XRD clia mau ZIF-90 dugc nung tai nhiét
do khac nhau (a) va dugc ngam tai pH khac nhau (b)

Két qua nghién ciru do bén cua ZIF-90

Két qué nghién cltu do bén cla ZIF-90 theo nhiét do
va theo pH mdi trudng thong qua phucng phap XRD
dugc trinh bay trén hinh 5.

Theo do, hinh 5a 1a gidn do XRD clia mau ZIF-90 dugc
nung tai cac nhiét dé khac nhau. TU hinh 5a, dé dang
quan sat thay gian do XRD ctia mau ZIF-T250 1a ZIF-90
nung & 250 °C hoan toan giéng mau ZIF-90 chua nung,
da chimng té khi nung & 250 °C cau tric khung ctia ZIF-
90 van dudc bao toan. Quan sat mau ZIF-90 dugc nung
& 300 °C (mau ZIF-T300) thay cac dinh pic nhiéu xa tia
X cla ZIF-90 van day di nhung cudng dé da giam di
mot phan. D6 tinh thé cac mau ZIF-90, ZIF-T250 va ZIF-
T300 tinh theo phuong trinh Scherrer tuong Ung bang
100, 100 va 60 %. Nhu vay, khi ZIF-90 nung trong 3 gic
& nhiét do 300 °C thi cdu tric khung cla ZIF-90 da& bi
pha v& dén 40 %. Budng nén cia mau ZIF-T300 cao
hon cac mau ZIF-90 va ZIF-T250 la do mot phan cau
tric khung d& bi pha v&, chuyén tir dang tinh thé sang
vo dinh hinh.

Khi nung ZIF-90 & 350 °C, quan sat XRD ctia mau ZIF-
T350 thay & toan bo pha tinh thé clia ZIF-90 da bién mét,
chuyén hoan toan sang pha vé dinh hinh. Tiép tuc tang
nhiét d& nung lén 400 °C, XRD cla mau ZIF-400 ngoai
dudng nén vé dinh hinh, bat dau xuét hién pha tinh thé
chua ré rang clia ZnO & viing goc 26 = 31-37°. Tiép tuc
nang nhiét d6 nung Ién 450 °C thi pha v6 dinh hinh da
hoan toan bién mat va thay vao do la su xuét hién pha
tinh thé vdi cudng dé rét manh ctia ZnO, dac trung bdi 3
pic tai cac gié tri goc 20 = 31,7°; 34,4° va 36,3°.

Nhu vdy, cdu tric khung cta ZIF-90 d& bi bién déi theo
nhiét d& nung. O nhiét dé nung 300 °C, khung ZIF-90
da bi pha v& dén 40 %, bi phé v& hoan toan khi nung &
nhiét dé > 350 °C.

Trén hinh 5b, két qué nghién clu dd bén cta ZIF-90
theo pH mai trusng da dugc dé cap. Két qua trén hinh
5b ghi nhan tét ca cac dinh nhiéu xa tia X van dugc bao
toan sau khi mau ZIF-90 dugc ngdm trong méi trudng
c6 pH khac nhau. Tuy nhién, mau ZIF-90 dugc ngam
trong méi trudng c6 pH=5,5 (Mau ZIF-pH5.5) cb cudng
dé pic gidam nhe, ching té trong maoi trudng ¢ pH =
5,5, mét phan tinh thé ZIF-90 d& bj pha va. D6 tinh thé
tinh theo XRD théng qua phuong trinh Scherrer tuong
Ung v&i cac mau dudc ngam trong dung dich c6 pH
bang 5,5; 6,5 va 7,5 tuong Uing dudc xac dinh bang 80
% (mau ZIF-pH5.5), 100 % (méau ZIF-pH6.5) va 100 %
(mau ZIF-pH7.5). Nhu véy, cdc mau ngam trong dung
dich c6 pH bang 6,5 va 7,5 khéng bi pha v cdu tric,
ching té tai pH = 6,5 cau trdc ZIF-90 rat bén, tuong ty
nhu cau tric ZIF-90 ban dau chua xU ly (ZIF-90).

K&t qua nghién clu trén da khang dinh, ZIF-90 thé hién
sy 6n dinh & d6 pH > 6,5, trong khi & d6 pH thap hon
(5,5) gibng nhu pH ciia mdi trudng xung quanh té€ bao
ung thu, khung ZIF-90 khéng 6n dinh. Biéu nay ¢
nghfa la chat mang thudc dua trén nano ZIF-90 cé kha
nang phan phdi thuéc chéng ung thu nham muc tiéu
ung thu do su sup dé cta khung bdi méi trusng xung
quanh té bao ung thu. Két qua nay phu hap vdi két qua
dé& dugc bao céo trong tai liéu [22].

Két luan

- Nano ZIF-90 d& dugc téng hap thanh cong lan dau
tién tur ZnSO4.7H0 va IcaH trong dung mo&i DMF va
CoHsOH. Qua trinh két tinh dudc thuc hién trong 18 gid
& nhiét dé phong, c6 khudy trén lién tuc, ty 1é mol trong
hon hop phan Ung Zn* - lcaH : DMF : CGHsOH = 1: 4
125 : 175. ZIF-90 tao thanh vdi quy trinh t6ng hop cho
do 18p lai dang tin cdy, do tinh thé cao, bé mat riéng
bang 606 m?/g (theo Langmuir) va bang 468 m?/g (theo
BET), kich thudc hat bang 43 nm (theo TEM).
- D& nghién ctiu xéc dinh dudc do bén céu tric khung
nano ZIF-90 t6ng hop dugc bang phuong phap XRD,
dong thai xac dinh dugc dé bén cau trdc clia nano ZIF-
90 trong cac dung dich cé pH khac nhau. Két quéa thu
dugc d& khang dinh, vat liéu nano ZIF-90 dugc téng hop
€6 dd bén cau truc dén trén 250 °C, nung & nhiét doé
cao hon s& dan dan bi phan hay va cudi cing chuyén
thanh ZnO. Sau khi ngam 12 gid trong cac dung dich c6
pH khac nhau thi cau trdc nano ZIF-90 da bi pha v& mét
phan (20 %) tai gia tri pH = 5,5. TU gia tri pH > 6,5 thi
céu trdc khung nano ZIF-90 van dugc bao toan.
https://doi.org/10.62239/jca.2025.052
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Két qua vé do bén nhiét dén trén 250 °C clia nano ZIF-

90

cho phép co thé sir dung vét liéu nay lam chét hép

phu hay chéat xUc téc tai cac diéu kién nhiét do khong
qua 250 °C. Bac biét han, két qué vé su phan huy mot
phan cau tric nano ZIF-90 tai pH = 5,5 dd md ra mét
khd ndng st dung vat liéu nay lam chat mang thudc
nham té bao ung thu dé chita bénh ung thu trén cg
thé ngudi.
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