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SUMMARY

SYNTHESIS, STRUCTURE AND LUMINESCENCE OF ZINC(I1)-SALOPHEN
COMPLEXES CONTAINING 2-HYDROXY-1-NAPHTHALDEHYDE

Five complexes of Zn(ll) were synthesized by reaction between Zn(CH3;COOQ),.2H,0 with 2-hydroxy-1-
naphthaldehyde and the derivations of 1,2-phenylenediamine. Their structures were characterized by IR,
ESI-MS and *H NMR spectroscopy. The results showed that in these complexes, the molar ratios of Zn(ll)
and the ligands are 1:1, Zn(ll) is bound to the ligands through O and Ninine. Studies on the optical properties
of the complexes showed that the complexes in solid form emitted luminescence stronger than in solution.
When changing the substituent group on phenylene, the emission wavelengths of the complexes did not
change much, but the emission intensity changed in the order of substituents Br > H > F > Me > ClI (for

solid form) and Cl > Br> F > Me > H (for solution).

Keywords: zinc(l) complex, salophen, derivations, synthesis.

1. MO PAU

Phirc chat kim loai véi cac phéi tir base Schiff tir
lau da thu hat duwgc sy quan tdm cua cac nha
khoa hoc boi dac tinh quang dang cha y [1,2].
Trong d0, cac phtic chat cua Pt, Ir va Os thé hién
d6 6n dinh cao véi cudong d6 phat xa manh duoc
ing dung trong céc thiét bi OLED. Tuy nhién,
chi phi tdng hop cac phic chat loai nay kha cao
va trir lugng cua chdng trong ty nhién nho do vay
cac nha nghién ciu c6 xu huéng tim kiém céc
nguon nguyén ligu méi ré hon [3]. Céc phuc chat
phat quang cuaa Zn(II) duoc chd y nhiéu hon do
hoa chat d& kiém va ré hon nhiéu so véi céc hop
chét cua Pt, Ir va Os [1].
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Salophen 1a hop chat duoc tao ra tir phan ung
ngung ty gira cac dan xuat cua 1,2-
phenylenediamine va cac aldehyde c6 cau tric
twong tu nhu salicylaldehyde [4]. Hop chit nay co
thé tao phuc chelate véi kim loai qua cac nguyén
tor cho O"N"N"O tao thanh bo khung cung [5].
Céc phirc chat cua Zn(11) véi nhém phéi tir loai
salophen ¢6 ung dung trong nhiéu linh vuc khéac
nhau nhu cam bién huynh quang phat hién ion [4],
xUc tac cho phan wtng thuy phan para-nitrophenyl
chlorine carbonate [6], hay vat liéu quang hoc véi
d6 6n dinh cao, ving phat xa thay ddi trong
khoang rong 400 + 600 nm tuy thudc vao sy thay
ddi cac nhom thé trén phdi tir salophen va dung
moi [2, 6, 7]. Do vdy, cac phuc chit caa Zn(Il)-
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salophen c¢6 xu hudng tré thanh ngudn vt lidu
phét quang tiém ning va hta hen c6 thé thay thé
cac phtc chat cua kim loai quy hiém.

Trong nghién ctru ndy, chang toi trinh bay két qua
tbng hop, xac dinh cdu tric cia nim phuc thu
dugc tr phan ung cua zinc(ll) acetate dihydrate
v6i cac dan xuit cua o-phenylenediamine va 2-
hydroxy-1-naphthaldehyde. Trong cac phuc chat
nay, hé lién hop m dugc mé rong bang céch thay
thé hop phan salisilic bang naphthalene dong thoi
anh huéng cua cac nhém thé trén hop phan
phenylene dén tinh chat quang cua chung ciing
dugc nghién cau.

2. THUC NGHIEM
2.1. Tong hep céac phirc chat

Quy trinh chung: Dung dich gém dan xuat cia o-
phenylenediamine (0,2 mmol) va 2-hydroxy-1-
naphthaldehyde (0,4 mmol) trong 10 mL ethanol
duoc khudy & 70°C trong binh cau. Sau 10 pht,
Zn(CH3C00),.2H,0 (0,24 mmol, 52,8 mg) dugc
thém vao binh phan tng va dun hdi luu ¢ 70°C.
Sau 3 gio, dung phan tng va lam ngudi binh phan
tmg dén nhiét d6 phong rdi loc va rira bing
ethanol néng cho dén khi nuéc rira khéng mau thu
duoc chit ran mau vang. Cac san pham duoc ki
hiéu lan luot 1a ZnL1-ZnL5 (Hinh 1) véi hiéu
suat tir 80-85%.

2.2. Phuong tién va thiét bi nghién ciru

Phd ESI-MS cua cac phuc chat dugce do trén may
LC-MSD-Trap-SL, ph6 IR dugc ghi trén may
IMPACT 410 NICOLET trong viing 4000+400
cm™, miu do & dang vién nén voi KBr. Pho 'H

Zn(OAc),.2H,0

NMR cua cac phirc chat dwoc do trén may Bruker
AVANCE (600 MHz), trong dung méi dimethyl
sulfoxide-dg tai Vién Hoéa hoc, Vién Han lam
Khoa hoc va Cong nghé Viét Nam. Pho UV-Vis
dugc do trén may Biochrom S60 cua Anh, phé
huynh quang dugc do trén may PerkinElmer FL
8500 tai Khoa Hod hoc, Truong Pai hoc Su pham
Ha Noi.

3. KET QUA VA THAO LUAN

3.1. Téng hep cac phirc chat

Theo [8], phic chit ZnL1 duoc téng hop qua hai
giai doan, dau tién tong hop N,N-bis(2-
hydroxynaphthalidene)phenylene-1,2-diamine
bang phan wng giira phenylene-1,2-diamine véi 2-
hydroxy-1-naphthaldehyde sau d6 tién hanh phan
ung caa nd véi ZnCl, thu duge ZnLl véi hiéu
suit 88%. Trong nghién ctu nay, phuc chit ZnL1
va céc phirc chat mai ZnL2-ZnL5 dugc tong hop
truc tiép bang phan wng 3 hop phan hai giai doan
tir dan xuat o-phenylenediamine, 2-hydroxy-1-
naphthaldehyde va zinc(ll) acetate dihydrate.
Trudc tién, phan Gng gitta cac dan xuit o-
phenylenediamine Véi 2-hydroxy-1-
naphthaldehyde trong ethanol dwgc thuc hién
trong 10 phit o 70°C. Sau 49,
Zn(CH5C00),.2H,0 dugc thém vao hdn hop phan
g va tiép tuc khudy ¢ 70°C. Sau 3 gio, két tua
tach ra dugc loc va rira bang ethanol cho dén khi
dung dich nuéc rira khéng mau thu dugc cac phic
chat ZnL1-ZnL5 tinh khiét véi higu suat cao (80-
85%) ma khong can trai qua qua trinh tinh ché nao
khéc. Phan ung tong hop cac phuc chat nghién
ctru dugc md ta trong so dd ¢ Hinh 1.
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Hinh 1. So do phan #ing tong hep phic chat ZnL1-ZnL5.

ZnL1: CuHiN,0,Zn. IR (KBr) (cm™): 3084 (v,
C-H), 1604 (v, C=N), 1540, 1465 (v, C=C), 1357

85

(v, C-N), 1197 (v, C-0). *H NMR (600 MHz,
DMSO-dg): & 9.8 (s, 2H, CH=N), 8.42 (d, *J(H,H)
= 7.5 Hz, 2H, Ar-H), 8.11 (d, *J(H,H) = 7.5 Hz,



2H, Ar-H), 7.78 (d, *J(H,H) = 7.5 Hz, 2H, Ar—H),
7.70 (d, *J(H,H) = 7.5 Hz, 2H, Ar—H), 7.47 (m,
2H, Ar-H), 7.38 (m, 2H, Ar-H), 7.22 (m, 2H, Ar-
H), 7.00 (d, 3J(H,H) = 8.0 Hz, 2H, Ar-H).

ZnL2: CsH»N,0,Zn. IR (KBr) (cm™): 2958 (v,
C-H), 1612 (v, C=N), 1523, 1462 (v, C=C), 1368
(v, C-N), 1162 (v, C-O). 'H NMR (600 MHz,
DMSO-dg): & 9.78 (s, 2H, CH=N), 8.46 (d,
$J(H,H) = 7.0 Hz, 2H, Ar—H), 7.93 (s, 2H, Ar—H),
7.78 (d, *J(H,H) = 7.5 Hz, 2H, Ar-H), 7.77 (m,
2H, Ar-H), 7.48 (m, 2H, Ar-H), 7.23 (m, 2H, Ar-
H), 6.99 (d, ®J(H,H) = 8.0 Hz, 2H, Ar—H). ESI-
MS m/z = 498 (100%) = CygH»;N,0sZn = [M-
2CH3+3H+H,0]".

ZnL3: CysHisFoN,0,Zn. IR (KBr) (cm™): 3050 (v,
C-H), 1602 (v, C=N), 1529, 1463 (v, C=C), 1366
(v, C-N), 1163 (v, C-0). 'H NMR (600 MHz,
DMSO-dg): 6 9.69 (s, 2H, CH=N), 8.52 (d,
*J(H,H) = 7.0 Hz, 2H, Ar-H), 8.38 (m, 2H, Ar—H),
7.81 (d, J(H,H) = 7.5 Hz, 2H, Ar-H), 7.69 (d,
*J(F,H) = 6.5 Hz, 2H, Ar—H), 7.47 (m, 2H, Ar-H),
7.25 (m, 2H, Ar-H), 6.98 (d, *J(H,H) = 7.5 Hz, 2H,
Ar-H). ESI-MS: m/z = 551 (90%) =
CagH19F2N,04ZNn = [M+H,0+0H]T.

ZnL4: CyHicCLN,O,Zn. IR (KBr) (cm™): 3034
(v, C-H), 1608 (v, C=N), 1530, 1454 (v, C=C),
1353 (v, C-N), 1185 (v, C-0). 'H NMR (600
MHz, DMSO-dq): & 9.76 (s, 2H, CH=N), 8.54 (d,
J(H,H) = 7.0 Hz, 2H, Ar—H), 8.47 (s, 2H, Ar—H),
7.81 (m, 2H, Ar-H), 7.70 (d, ®J(H,H) = 6.5 Hz,
2H, Ar-H), 7.49 (m, 2H, Ar-H), 7.25 (m, 2H, Ar-
H), 6.98 (d, *J(H,H) = 7.5 Hz 2H, Ar—H). ESI-
MS: m/z = 413 (60%) = Cy17H13CIN,0,Zn = [M-
CuH;,0+2H+H,0]".

ZnL5: CyHyBrN,0,Zn. IR (KBr) (cm™): 3060
(v, C-H), 1606 (v, C=N), 1538, 1485 (v, C=C),
1358 (v, C-N), 1191 (v, C-O). 'H NMR (600
MHz, DMSO-dq):  9.75 (s, 2H, CH=N), 8.54 (d,
3J(H,H) = 7.0 Hz, 2H, Ar-H), 8.53 (s, 2H, Ar—H),
7.82 (m, 2H, Ar-H), 7.70 (d, 3J(H,H) = 6.5 Hz,
2H, Ar-H), 7.49 (m, 2H, Ar-H), 7.25 (m, 2H, Ar-
H), 6.98 (d, *J(H,H) = 7.5 Hz, 2H, Ar-H). ESI-
MS: m/z = 673 (50%) = CyxH1gBr,N,04Zn =
[M+H,0+OH]".
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3.2. Nghién ciru thanh phén, ciu tric cac phic chat

Thanh phan va cau tric cua cac phuc chat dugc
xac dinh bang cac phwong phap phd hdng ngoai
IR, phd khéi ESI-MS va phd cong huong tir hat
nhan proton *H NMR.

Trén phé IR cta cac phic chat da xuét hién day du
céc van hip thu dic trung cho dao dong hod tri cua
ca4c nhém nguyén tir trong phan tir. G ving 3400
cm™?, trén phé IR cua céc phuc chit déu khong
xuit hién céc van hap thu dic trung cho dao dong
hod tri cua nhém OH, cho thdy trong céc phuc
chat nhom OH da bi deproton héa. Cac van hap
thu dac trung cho dao dong ho4 tri cia nhom NH,
(3100-3500 cm™) va lién két C=0 cua aldehyde
(1700cm™) ciing khong xudt hién trén phd IR cua
cac phuc chat ma lai xuat hién van hap thu manh
dic trung cho dao dong hod tri cua lién két CH=N
& tan s6 1602-1612 cm™, didu nay cho thay da ¢
su hinh thanh cac base Schiff dang salophen. Cac
van hip thy & 1353-1368 cm™ va 1162-1197 cm™
duoc quy két twong (g cho dao dong hoa tri cua
lién két C-N va C-O. Ngoai ra & ving tan sb thap,
trén phd IR cua cac phic chat con xut hién céc
van hap thu dic trung cho dao dong hoa tri cua
Zn-N, Zn-O ching to Zn da lién két véi cac base
Schiff qua nguyén tir N va O.

Trén phd ESI-MS ciia cac phic chat xuat hign cum
pic co cuong do manh (50-100%) tng véi manh ion
phan tir [M — 2CH; + 3H" + H,0]" (véi ZnL2), [M
+ H,0 + OHJ (véi ZnL3 va ZnL5) hay [M —
CuH;0 + 2H" + H,0]" (véi ZnL4). Pidu nay cho
thay cac phirc chat tao thanh 14 don nhén, tao phtic
Vi ti 16 Zn(I1) : phéi tir 12 1:1.

Dé khang dinh su quy két cum pic ion trén pho
ESI-MS cua cac phic chat, cac cum pic quy két
déu duoc so sanh véi cum pic tinh toan str dung
phan mém Isotopeviewer. Hinh 2 din ra cum pic
ion [ZnL3 + H,O + OH] xéc dinh bang thuc
nghiém va tinh toan 1am vi du. Két qua cho thay,
cac cum pic thuc nghiém va tinh toan déu cé su
phd hop ca vé sb lugng pic, gia tri m/z va ti lé
cuong do cac pic trong cum. Diéu nay cho thay,
céc cum pic ion duoc quy két 1a phu hop.
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Hinh 2. Phé IR ciia ZnL3 (), cum pic ion [ZnL3 + H,0 + OH]" xdc dinh bang thuc nghiém (b) va tinh toan (c).

Pho cong huong tir hat nhan *H NMR cua tat ca
céc phuc chat dugc do trong dung méi dimethyl
sulfoxide-ds & nhiét @6 phong. Céc tin hiéu proton
dugc quy két dua vao d6 chuyén dich hoa hoc,
cuong d6 van phd, hinh dang van phé théng qua
tuong tac spin-spin va tai liéu [8-11]. Hinh 3 dan
ra phd *H NMR cua phirc chat ZnL5 da dwoc quy
két 1am vi du.

Trén phé *H NMR cua cac phic chat déu xut
hién day du cac tin hiéu cong huong dic trung cho
céc proton trong phan tir phirc chat. Dac biét, trén
phd khong quan sat thiy tin hiéu dic trung cho
proton cta nhom NH, & khoang 4,36 ppm [10] va
nhém CHO & khoang 10,88 ppm [11], ma xuét hién
tin hiéu cong hudng dang van don ctia proton nhém
imine (CH=N) & khoang 9,71 =+ 9,80 ppm. Hon

Br Br \‘/

nita, trén pho '"H NMR cia cac phuc chat déu
khong xuat hién tin hiéu cong hudng co do chuyén
dich hoa hoc ¢ khoang 15,33 ppm ttng véi tin hiéu
nhém OH caa hop phan naphthalene [9]. Diéu nay
cho thay, 1,2-phenylenediamine va cac dan xuét da
ngung tu V&I 2-hydroxy-1-naphthaldehyde hinh
thanh céc base Schiff dang salophen va sau d6 bi dé
proton & nhém OH dé phéi tri khép vong véi Zn(1l)
qua nguyén tir O va N. Bén canh do, tin hiéu cong
huéng cua proton H1 & phuc chat ZnL3 c6 dang
van d6i trong khi ¢ phac chit ZnL2, ZnL4, ZnL5
€6 dang van don phu hop véi véi twong tac spin-
spin cua "F ¢6 | = % & vi tri bén canh. Ngoai ra,
trén két qua phd cong huéng tir cua tit ca cac phic
chat chi xuat hién mot bo tin hiéu cua cac proton
cua hop phén aldehyde diéu nay chimng to cac phuc
chit thu dwoc ¢6 ciu trac dbi xang.
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Hinh 3. Phé 'H NMR cza phizc chdt ZnL5.



T dit kién phd IR, ESI-MS va 'H NMR cho thy
trong cc phirc chat Zn(I) da tao phic véi phdi tir
salophen theo ti 18 1 : 1, phdi tri vé6i cac phéi tu
qua nguyén tir O cua hop phan naphthalene va
nguyén tir N ciia nhom imine véi ciu triic nhu
duoc mo ta trong Hinh 1.

3.3. Nghién cttu phé hap thu va phat xa cia cac
phirc chat

Pho hip thu electron ciia cac phuc chat dwoc
nghién ctu & ndng do 10 puM trong dung mdi
dimethyl sulfoxide (DMSO) duogc trinh bay trén
Hinh 4a, gia tri budc s6ng hip thu cuc dai (Ama) Va hé
s6 hap thy phan tir & dwoc trinh bay trong bang 1.

Két qua do cho thdy, trén phdé UV-Vis cua cac
phtrc chit déu xuat hién ba van hap thu trong viing
tr ngoai kha kién. Nguyén nhan sinh ra céc van
hip thu 1a do su chuyén mutc = - 7* hoac n - m*
trong céac phdi tir hoac do sy chuyén dién tich tir
phéi tir vao ion trung tam Zn(ll). Véi cac nhém
thé khac nhau trén hop phan phenylene thi van hap
thu thir nhat hau nhu khong thay di, van hap thu
thir hai c6 su chuyén dich nhe khoang 10 + 20 nm.

Phé huynh quang cua cac phirc chét & trang thai ran
va cac dung dich phic chat & nong d6 10 pM, trong
dung méi DMSO, véi bude song kich thich 1a 420
nm dugc trinh bay trén Hinh 4b-c va Bang 1.

Bang 1. Két qua do phé UV-Vis va phé hupnh quang cia cac pherc chdt.

‘ Phat xa 2. Phat xa
Hap thu PR Chuyén dich PPN
Phirc (dung m6i DMSO, 10uM) (dunglrgcilll\sl))MSO, Stoke (chat ran)
chat : = 1 S =
a4 Iy Cuong do Av (cm A Cuong do
Aabs/NM (£ 103 M tem™?) (n?;‘]“) (a_f) ' (em”™) (n;’;‘) (a.L?) '
ZnL1 334 (25), 416 (43), 468 (24) 548 2596 7813 563 41978
ZnL2 334 (62), 416 (112), 469 (64) 554 3701 7463 562 18858
ZnL3 335 (63), 420 (103), 473 (65) 554 5037 7463 567 41775
ZnL4 334 (51), 426 (90), 476 (57) 537 7667 8547 566 6515
ZnL5 335 (65), 427 (116), 474 (71) 547 6833 7874 563 77691
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Hinh 4. Phé UV-Vis cua céc phirc chat (a), phé hupnh quang cua cac phirc chdt ¢ trang thai ran (b) va
trong dung dich (c).

Két qua do phd huynh quang cho thdy, dudi buse
song kich thich 420 nm, céc phirc chat Zn(11) dang
ran phét quang tét hon dang dung dich. Céc phirc
chat dang ran déu phat xa véi budc song cuc dai &
khoang 563 + 567 nm, phét ra anh sdng mau vang
dén cam, trong d6 phuc chat ZnL5 c6 cuong do
phat xa cao nhat 77691 (au) va cao gan gap 2 lan
phtic chat ZnL1, ZnL3 va cao gap hon 12 lan so
vé6i phirc chat ZnL4. Cuong do phat xa giam khi
thay d6i nhom thé trén hop phan phenylene theo
thirty Br>H >F > Me > Cl.
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Trén phé huynh quang cua cac dung dich phic
chat cho thay khi thay ddi nhém thé trén hop phan
phenylene, budc séng phéat xa thay d6i khong
nhiéu, & khoang 537 + 554 nm, nhung cudng do
phét xa thay ddi. Trong d6, cac phuc chat chira
nhém thé hat electron ZnL3, ZnL4, ZnL5 c6
cuong d6 phat xa trén 5000 (au), 16n hon cuong
do phat xa cia phic chat khdng gan nhém thé
ZnL1 va phirc chat gan nhom thé methyl ZnL2.
Cuong d¢ phét xa cua cac phirc chat ¢ dang dung
dich thay ddi theo thir ty nhém thé CI > Br > F >
Me > H. Két qua bude dau cho thay, mot s6 phirc




chat Zn(Il) phat quang tét & dang rin c6 thé tiép
tuc dugc nghién cau ung dung lam vat liéu OLED.

4. KET LUAN

P4 téng hop dugc 5 phic chit Zn(I1)-salophen
ZnL1-ZnL5 chia din  xuit coa 1,2-
phenylenediamine, trong d6 c6 4 phac chat mai
chua dugc cong b trong cac tai lisu gdm ZnL2-
ZnL5. Dua vao céc dir kién phé IR, ESI-MS va *H
NMR di xac dinh duoc cau tric cua cac phic chat
téng hop duogc. Trong cac phic chat, Zn(ll) tao
phac vai cac base Schiff dang salophen theo ti Ié
mol 1 : 1, phdi tri khép vong véi cac phdi tir qua
cac nguyén tir O va Nimine. Két qua do phd huynh
quang cho thay, cac phirc chat dang ran phat
quang manh hon so véi dang dung dich. Khi thay
d6i nhoém thé trén hop phan phenylene, budc song
phét xa thay doi khdng nhiéu, nhung cuong do
phét xa thay d6i theo tha ty nhom thé Br > H > F
> Me > Cl (d6i voi dang ran) va Cl > Br > F > Me
> H (ddi voi dang dung dich).

LO1 CAM ON

Nghién ciru nay duoc thuc hién véi sy hd trg kinh
phi cia Bo Gido duc va Pao tao, d& tai ma sd
B2023-SPH-05.
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