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TONG HOP VA NGHIEN CUU PHUC CHAT CUA MOT SO PHOI TU
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VA PHUC CHAT CUA CHUNG VOl Ni(ll) VA Pd(ll)
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ABSTRACT

The synthesis of complexes of some macrocyclic Schiff - base ligands derived from
thiosemicarbazide is described. Complexes have been characterized by metal analysis and
spectroscopic studies (IR, Raman, UV-Vis, 'HNMR and MS). In Ni(Il) and Pd(Il) complexes with
bisthiosemicarbazone ligands (GBTS, ABTS, BzBTS), metal ion is tetracoordinated by four donor
atoms (SNNS) from ligands to form a planar tricyclic ligating system.

1- MO PAU

Cic thiosemicacbazon va phiic chat cua
ching da dugc nghién ciu tir lau. Két qua cho
thay rang chiing c6 hoat tinh sinh hoc rat phong
phi (tinh khdng khudn, khiang ndm, tc ché su
phét trién cta cdc khéi u...). Bén canh hoat tinh
sinh hoc, cac thiosemicacbazon va phic chat
cta ching con c¢6 kha nang ung dung rong rai
trong nhiéu linh vuc nhu tich va phan tich cic
ion kim loai, c ch€ an mon kim loai, xtdc tic
cho mot s6 phan tng.... V& phuong dién héa
hoc 1y thuyét, viéc nghién ctu cac
thiosemicacbazon va phitic chat clia ching c6
dong gobp 16n vao viéc lam sang td mdi quan hé
cu tao - tinh chat vi cac thiosemicacbazon la
nhiing phéi tir da chic, da cang, do d6 tao nén
nhitng kiéu phoi tri da dang, phong phd véi cic
nguyén tu kim loai trong phic chat, kéo theo su
da dang va phong phu vé cdu tao va tinh chit
clia cdc san pham thu dugc.

Hién nay, trong cac huéng nghién citu héa

hoc ctia phiic chat hién dai, ngudi ta chd ¥ nhiéu
dén huéng téng hop cic hop chit vong 16n
(macrocyclic) nhiéu chic, nhiéu cang, ¢ kha
ning tao thanh nhing phiic chat véi héa lap thé
da dang. Dac biét, viéc téng hop va nghién citu
tinh chét cta cdc hé di vong chita nito hién la
mot trong nhitng huéng nghién cttu dang phat
trién manh. Cac hé vong nay c6 ting dung trong
nhiéu linh vuc nhu sinh hoc mo6 phong, y hoc,
vat liéu, phan tich... dac biét la linh vuc nghién
ctru sensor phan tir va dién cuc chon loc ion. Do
d6, trong nhitng nam gan day da xuét hién nhiéu
cong trinh cong bo vé viéc téng hop cdc hé di
vong nay, dac biét 1a hé vong kiéu bazo Schiff.
Hé vong kiéu nay thudng chita cdc don vi ciu
tric N=C—C=N. Khi tao phtc, ching tao nén
cdc vong 5 canh vdi su giai toa electron manh
thong qua su lién hgp trong toan cau tric. Diéu
nay anh hudng dén tinh chat cia cac phiic chat
tao thanh.

Hé vong kiéu bazo Schiff thudng duoc téng
hop bang cdch sir dung phan ing ngung tu giita
mot diamin va mot dicacbonyl. Tuy vao diéu
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kién phan ting s& thu dugc cdc san pham ngung
tu kiéu [1+1]; [142] hodc [2+2]. Trong d6, san
phdm ngung tu kiéu [1+1] (dang vong) thudng
dugc tao thanh trong diéu kién siéu loang. San
phdm ngung tu kiéu [2+2] 1a cdc hop chit vong
16n, duge tao thanh khi cé ion kim loai déng vai
tro nhu mot chi€c khuon. Trong loat bai bao
nay, ching toi giGi thiéu nhitng két qua thu duoc
tir viéc nghién ctru phic chat ctia mot s6 phoi tir
vong 16n kiéu bazo Schiff trén co s& phéan ting

ngung tu gifta thiosemicacbazit (vai trd nhu mot
diamin) va mot s6 hgp chit o-dicacbonyl
(glyoxal, diaxetyl va benzil).

II - THUC NGHIEM

1. Tong hop phoi tir va phire chat

Cac phoi tr bisthiosemicacbazon va phic
chat dugc tong hop theo so do:

R R R R
2 4 >_< >_<
SN (U A T D W) -9 =
>/ <\ + g MeOH s:< >:s MeOH H;\IK M N,
s o . 4 TN
NH, HoN S S

R : H, CH,, C;H; M: Ni hoac Pd

a) Tong hop cdc phoi tw glyoxal(bisthio-
semicacbazon) (GBTS),
diaxetyl(bisthiosemicacbazon) (ABTS) va
benzil(bisthiosemicacbazon) (BzBTS)

Hoa  tan 1,14 ¢ (12,5 mmol)
thiosemicacbazit trong 40 ml metanol, da axit
héa bing 15 ml dung dich HCI 2 M. Thém tir tir
dung dich thu dugc vao 40 ml metanol cé chia
6,25 mmol o-dicacbonyl tuong tng (glyoxal,
diaxetyl, benzil). Hon hop phén tng dugc khudy
trong 10h & nhiét do phong. Loc hdt két tha tao
thanh bang phéu loc thily tinh x6p, rlta ky bang
metanol, 1am kho trong binh hit 4m. San phiam
thu dugc ¢6 mau vang v6i GBTS, mau tring nga
v6i ABTS va mau vang nhat véi BzBTS.

b) Téng hop phiic chdt

Hoa tan 1 mmol mudi (NiCl,.6H,0O hoac
PdCl,) trong 20 ml metanol. Dung dich nay
dugc thém vao huyén phu chita 1mmol phéi tir
(GBTS, ABTS, BzBTS) trong 25 ml metanol.
Hén hop duge khudy trong 8 gid & nhiét do
phong. Loc hut két tha tao thanh bang phéu loc
thuy tinh x6p, rira k§ bing metanol, 1am kho
trong binh hit 4m. Phic NiGBTS mau nau,
NiABTS mau xanh den, NiBzBTS mau tim den;
phic PAGBTS mau xanh 14 cay va phitc PAABTS
mau tim nhat.

Cic phéi tr bisthiosemicacbazon va phic
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chét twong ing déu khong tan trong nudc va mot
s6 dung moi hitu co thong thuong (etanol,
dietylete, clorofom, diclometan, axeton), tan tot
trong dimetylformamit (DMF).

2. Phuong phap nghién citu

Ham lugng Ni duge xdc dinh bang phuong
phdp chuin do complexon vé6i chat chi thi
murexit, hAm lugng Pd duoc xdc dinh béng
phuong phap phan tich trong luong.

Phd hong ngoai duoc ghi trén miy FTIR
8700, trong vung 400 - 4000 cm™', theo phuong
phép ép vién KBr tai Vién Héa hoc, Vién Khoa
hoc va Cong nghé Viét Nam.

Phd Raman duoc ghi trén mdy Micro
Raman LABRAM, trong ving 200 - 600 cm
vGi biic xa 632,8 nm tir nguén laze He - Ne tai
Vién Vat liéu, Vién Khoa hoc va Cong nghé
Viét Nam.

Phé UV-Vis dugc ghi tréen mdy UV-Vis
Dual Beam Model UVS-2700 trong vung 200-
1100 nm, tai phong Héa sinh V6 co, Khoa Héa
hoc, truong Pai hoc Khoa hoc Ty nhién, Dai
hoc Qudc gia Ha Noi.

Phé cong hudng tir hat nhan 'HNMR dugc
ghi trén may Bruker-500MHz tai 300K véi dung
moi DMSO-d,, chit chudn noi TMS tai Vién
Hoéa hoc, Vién Khoa hoc va Cong nghé Viét
Nam.



III - KET QUA VA THAO LUAN
1. Két qua phan tich ham luong Kim loai
trong phirc chat

Tir bang trén c6 thé nhan thiy két qua thuc
nghiém tuong ddi phit hop véi gia tri tinh todn
theo cong thuc gia thiét.

2. Phé hong ngoai va phé Raman

Trén phd hong ngoai ctia c4c phdi tir khong

xudt hién dai hap thu manh trong ving 1650 -
1850 cm™ dac trung cho nhém C=0. Bén canh
d6 xudt hién dai hap thu manh trong viing 1550
- 1600 cm™ dic trung cho dao dong cla lién két
C=N' dugc tao thanh trong phan tGng ngung tu.
Diéu nay chi ra phan ung ngung tu gilta
thiosemicacbazit va cac hop chat dicacbonyl xay
ra hoan toan. Su ving mit cdc dai hip thu trong
viing 2600 - 2700 cm™ chitng to cdc phéi tir ton
tai & dang thion & trang thdi rén.

Bdng 1: K&t qua phan tich ham lugng kim loai trong phtic chat

. , Ham luong ion kim loai
STT Phtic chat Cong thic phan tu
LT (%) TN (%)
1 NiGBTS C,H¢N¢S,Ni (M = 260,95) 22,49 21,15
2 PAGBTS C,HNS,Pd (M = 308,68) 34,48 37,52
3 NiABTS CeH,,N(S,Ni (M = 289,00) 20,31 19,5
4 PdABTS CcH,N¢S,Pd (M = 336,73) 31,60 29,51
5 NiBzBTS C¢H4NS:Ni (M = 413,15) 14,21 14,10

Bdng 2: Mot s6 dai hap thu dac trung trén phé hong ngoai clia cdc bisthiosemicacbazon
va phtic chét

Dai hép thy, cm™
H Cha’t . . . . ._ ._
op VNH + VNH, VC=N? | VC=N'+NH, Th1oIam1t ThlIO\é;mlt VNi 1\SI/VN1
GBTS | 3393:3251.3138, ] 1602, 1521 | 1469 838 ]
3015
NiGBTS | 3416, 3281,3046 | 1629 1554 1438 814 431
PAGBTS | 3380 33%)51% 3165, | 1609 1521 1471 835 ]
ABTS | >416.3260.3195, ] 1591 1499 832 ]
3153
NiABTS | 3412.3289.3039 | 1630 1586 1461 * 443
PAABTS | 405 3_;)21‘;% 3200, | 596 1498 1451 830 ]
3419, 3233, 3153,
BZBTS o ] 1587 1475 897 ]
NiBzBTS | 3462.3276.3118 | 1619 | 1555.1500 | 1437 831 467

* : tach thanh nhiéu dai cudng do bé.
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Khi so sdnh phé clia phéi tir va phé ctia céc
phtic chat tuong Gng nhéan thdy dai hap thu dac
trung cho dao dong hoa tri clia nhém -NH va
-NH, ¢6 su chuyén dich, tham chi con mat han
mot dai nhu trong phic v6i Ni. Sy xudt hién dai
hdp thu dac trung cho dao dong héa tri cta
nhém C=N’ ching t6 H clia nhém N°H da tdch
ra trong qua trinh tao phitc (nhan dinh nay sé
dugc khang dinh qua phé 'HNMR). Bén canh
do, dai hap thu dac trung cho dao dong héa tri
ctia nhém C=N' va dai thioamit IV (déng gép
cht yéu boi dao dong héa tri cta lién két C=S)
chuyén dich vé s6 séng thdp. Nhiing diém chi ra
trén day cho phép khang dinh: su tao phitc dugc
thuc hién qua 2 nguyén tir N' va 2 nguyén tir S.

Ngoai ra, d6i véi cic phic Ni, su phoi tri
nhu chi ra trén day con dugc xac nhan qua phd
héng ngoai va phé Raman. Trén phé héng ngoai
xudat hién dai hdp thu & viing s6 séng thap, tuong
tng v6i dao dong cua lién két Ni-N hoac Ni-S
(bang 2). Trén phé Raman xuét hién déi hap thu
tuong tng voi lien két Ni-N (tai 392 cm™ véi
NiGBTS va 404 cm” v6i NiABTS) va lién két
Ni-S (tai 311 cm™ v6i NiGBTS va 305 cm™ véi
NiABTS).

3. Pho '"HNMR

T bang 3 nhan thay nhitng su khac biét néi
bat trén phé '"HNMR giita phic chat va phai tir
tuong ung la:

(1) Tin hiéu cong hudng trong khoang 9,5 -
12 ppm tng véi proton ctia nhém -N’H da bién
mét trong phé cla phiic chat. Diéu nay ching

to: khi tao phiic, da xay ra su tach proton cla
cdc nhém -N’H théng qua su thiol héa, dong
thoi bi thay thé bdi ion kim loai (phit hop véi dit
kién pho IR)

(2) Trong phé cua phéi tir, tin hiéu cong
hudng tng véi hai proton ctia nhém -NH, c6 su
phan tich. Tuy nhién, céc tin hiéu nay lai chong
chap véi nhau va chuyén dich vé phia trudng cao
hon trong phd cta phic chat. Diéu nay c6 thé
giai thich nhu sau: trong phdi tt, su lién hop
gitta nhém -NH, v6i nhém C=S dan t6i su quay
han ché€ clia nhém -NH, quanh lién két C-N,,.;,,
do d6 hai proton cia nhém -NH, khong tuong
duong v6i nhau. Mat khac, su lién hop nay
manh nén hai proton ctia -NH, kha linh dong.
Khi tao phic, su thiol héa chuyén lién két doi
C=S thanh lién két don, su lién hgp mat di, dan
dén mat do electron trén -NH, tang 1én va tang
tdc dung che chan doi véi hai proton. Vi vay, tin
hiéu cong hudng chuyén dich vé phia trudng cao
hon so véi trong phoi tir. Su thiol héa ciing tao
nén su quay dé dang hon cua nhém -NH, quanh
truc C-N,,,,» do d6 hai proton cua né lai tuong
duong véi nhau, dan dén khong cé hién tuong
phan tach tin hiéu.

Bén canh dé, cic két qua vé phé 'HNMR
con khang dinh cdc phic téng hop duogc 1a
nghich tir. Nhu da biét cdc ion c6 ciu hinh d* 1a
thuén tur trong truong bat dién va ti dién do d6
thong tin phé cong hudng tir cho phép khing
dinh ciu hinh vuong phang ciia cdc phic chat

[6].

Bdng 3: Céc tin hiéu cong hudng trén phé '"HNMR ctia phéi tir va phic chat

Hopchat | C,,H CH, C.H; NH, N°H
GBTS | 7.72(s, 1) - - 7.85(s, 1)828 (s, 1) | 11,66 (s, 1)
NiGBTS | 6,87 (s, 1) - - 7,68 (s, 2) -
PdGBTS | 6,87 (s, 1) - - 7,66 (s, 2) -
ABTS - 2,16 (s, 3) - 7,80 (s, 1) 8,34 (s, 1) | 10,15 (s, 1)
NiABTS - 1,88 (s, 3) - 7,40 (s, 2) -
BzBTS - - 735-7,68(m,5) | 8,36(s,1)8,65(s, 1) | 9,81 (s, 1)
NiBzBTS - - 7,05 - 7,19 (m, 5) 7,62 (s, 2) -

s: singlet, m: multiplet.
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4. Phé UV-Vis
a) Phiic chdt Ni(Il)

Trén phé cia NiGBTS, NiABTS va NiBzBTS
khong c6 dai hap thu trén 1000 nm (10000 cm™)
chiing t6 trong ca ba phtic, Ni** ¢6 s6 phoi tri 4

trong trudng vuong phang [1, 2]. Nhu vay, theo
ly thuyét c¢6 thé xudt hién 3 dai hap thu tuong
ing véi céc buéc chuyén d-d dugc phép theo
spin [2, 6]. Vi tri cdc dai trong tlng phtc va su
quy gan céc dii ndy v6i ciac chuyén mic d-d
tuong ting dugc néu ra trong bang 4.

Bdng 4: Céc dai hap thy trén phé UV-Vis ctia NiGBTS, NiABTS va NiBzBTS

Hop chat . Vi trf, nm

i Dai 1 Dai 2 Dai 3 Dai 4 Dai 5
NiGBTS 270 320 (vai) 417 430 (vai) 711
NiABTS 270 320 (vai) 398 405 (vai) 673
NiBzBTS - 360 (vai) 410 440 (vai) 701
Quy gén zfﬁ;:@csﬁlée& (};il;zct;};lu(};ei* ]Alg - lEg 1Alg - 1Blg 1Alg - IAZS

b) Phiic chdt Pd(Il)

Trén phé cta PAGBTS va PdABTS khong
thay rd cdc dai hap thu tng véi cdc bude chuyén
d-d ma chi xuat hién mot dai hap thu cudng do
16n, chan rong trong ving 300 - 400 nm. Diéu
ndy dugc gidi thich 12 do ion Pd* c6 béan kinh
I6n, tao diéu kién cho ph6i tir dén gin, nén

truong phdi tir s€ gay tach miic nang luong cac
obiatn d véi muic do 16n. Do d6, trong trudong
hop phic cua Pd(I) vé6i cdac bisthiosemi-
cacbazon (ph6i tr c6 hé obitan ), cidc budc
chuyén dién tich tir ion kim loai dén phoéi tir kha
gin v6i budc chuyén d-d va c6 su chong chap
cdc dai hap thu ting véi cdc budc chuyén nay.

Bdng 5: C4c dai hap thu trén pho UV-Vis ctia PAGBTS va PAABTS

Hop Vi tri, nm
chat Dai 1 Dai 2 Dai 3 Dai 4
PdGBTS 281 339 364 371
PdABTS 271 320 + 337 (vai)
Quy gin Budc chu;:éqnq Cic budc chuyén dién tich dq—Tc* chéng chap
nodi bo phoi tir vGi cdc budce chuyén d-d

Nhu vay, tir cac dit kién thuc nghiém vé phé
IR, phé Raman, phé UV-Vis, phé "HNMR clia
phéi tir cling nhu phic chat, c6 thé gia thiét
rang: khi tao phic v6i Ni(IT) va Pd(II), céc phéi
tir bisthiosemicacbazon duogc nghién ctiu (GBTS,

R R R R
(1) 2
NZH/HM WH\W

=

cis

4

thion

iHﬁ_</

ABTS va BzBTS) déng vai tro 1a cic phoi tu 4
cang & dang ion mang hai dién tich am, su phdi
tri duoc thuc hién thong qua 2 nguyén tir N' ctia
nhém imin va 2 nguyén tit S (hé phdi tir N,S,).
Co ché tao phitc dugc minh hoa trén hinh sau:
R R ® R R
2 1/>—<\1 2 W 1>—<
N—N N—N
i =i
HS

1
N—
thiol

- /\ X
N/ N
i b

SH

R: H, CH; hoac C;H; M: Ni hoac Pd

(1) Sy chuyén vi tri clia hai nguyén tir N', S tir trans sang cis

(2) Tautome hoa thion <« thiol

(3) Qua trinh deproton héa va tao phic
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IV - KET LUAN

- Pba téng hop dwoc 3 phoi ti:
Glyoxal(bisthiosemicacbazon) (GBTS);
biaxetyl(bisthiosemicacbazon) (ABTS);
Benzil(bisthiosemicacbazon) (BzBTS) va 5 phiic
chat: NiGBTS, NiABTS, NiBzBTS; PdGBTS,
PdABTS.

- Béng phuong phdp phan tich ham luong
kim loai va cdc phuong phdp vat li nhu phd hong
ngoai, phé Raman, phé UV-Vis va phé 'HNMR
da dua ra gia thiét vé cdu tric cla cdc phoi tir va
céac phtc chat.

- Pa dua ra co ché hinh thanh céc phic chat
bisthiosemicacbazon cua Ni(II) va Pd(II).
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