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SUMMARY

COMPLEXES OF Dy**, Er**, Yb* WITH CAFFEIC ACID
AND 1,10-PHENANTROLINE: SYNTHESIS, CHARACTERIZATION
AND BIOLOGICAL ACTIVITY

In this paper, a multi-analytical-technique approach was utilized to investigate the property of the
complexes of Dy**, Er®", Yb*" with caffeic acid (HCaf) and 1,10-phenantroline (Phen). The synthesized
complexes were analyzed using FT-IR and thermal (TGA) analysis. IR spectroscopy results indicated the
successful synthesys of these complexes, with three of them consist of neutral monomeric molecules.
Thermal analysis demonstrated their considerable heat stability. The general molecular formula for the
synthesized complexes in solid state was Ln(Caf)sPhen (Ln: Dy, Er, Yb). These results were confirmed by
electrospray-ionization mass spectrometry (ESI-MS). Additionally, the antimicrobial properties of the
complexes and HCaf against Escherichia coli, Staphylococcus aureus and Pseudomonas aeruginosa were
studied by measuring the diameter of the inhibitory zone. The complexes present higher antibacterial
activity against bacterias compared to HCaf, likely due to the increased lipophilicity of these complexes.
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1. MO PAU la mot trong nhitng axit hydroxycinnamic
doi dao nhat, c6 hoat tinh khang khuén
€ao [2-5]. Tuy nhién c6 rat it thong tin vé
cdu tric va tinh chét ciia phtic chat giira
caffeic voi cac ion kim loai, ddc biét 1a
v6i lanthanide. Sy tong hop va nghién
ctru tinh chat cac phuc chét caffeinate kim
loai da dugc mdt sO nghién cuu deé cap,
tuy nhién c6 rat it cong trinh vé hoat tinh
sinh hoc cua chung [1,6]. Cac nghién cuu
vé cAu truc cua phirc chat ran caffeinate
v6i céc ion kim loai kiém (Li*, Na*, K7,
Rb* va Cs") cho thay rang, cac kim loai
da anh huong dén cau tric phén tir va sy

Axit cacboxylic tu nhién c6 nhiéu trong
qua, hat, 14, than va ré cua thuc vat. Cau
truc, hoat tinh sinh hoc va cac dac tinh
doc ddo khac cua chung da dugc nghién
clru rong rai trong cac linh vuc hoda sinh
vo co, thuc phém va dugc phém. Cac axit
nady c6 cac hoat tinh chong oxy hoa,
khang khuan va chéng ung thu [1]. Axit
polyphenolic c¢6 thé dugc chia thanh hai
nhom chinh: axit hydroxybenzoic va axit
hydroxycinnamic. Cac axit nay déu chura
mot hodc nhiéu nhém hydroxyl gin truc
tiép vao vong thom. Axit caffeic (HCaf)
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phan b dién tich ciia phdi tir nén di lam
thay ddi hoat dong chong oxy héa cua
chang [7,8]. Trong dung dich nudc, su
phéi tri cua cac cation kim loai dudng nhu
xay ra chii yéu boi cac nhom hydroxyl.
Tuy nhién, su hinh thanh phtc chat giira
Pb(II) véi HCaf trong dung dich nudc
duong nhu xay ra truc tiép thong qua
nhém carboxylic [9]. Nhiéu nghién ctru
khac vé sy twong tac cua HCaf véi cac
cation kim loai khac nhau cling da duoc
cong bd [10, 11], nhung theo hiéu blet cua
chung t6i, s6 cong trinh nghién ciru vé cac
phic duoc hinh thanh bdi hé
HCaf/lanthanide con rat it dwoc nghién
ctru. Trong bai bao nay, chung t6i trinh
bay qua trinh tong hop, tinh chat va hoat
tinh sinh hoc cta cac phuc chit tao bai
Dy**, Er**, Yb* vé6i hdn hop phdi tir
caffeic acid va 1,10 phenantroline.

2. THU'C NGHIEM
2.1. Hoa chat

Céc hoa chét tinh khiét (Merck): Caffeic
acid, 1,10 phenanthroline, Dng)g, ‘Er203,
Yb,03, HCI, CoHsOH; Nudce cat 2 1an.

2.2. Téng hop phirc chit

Hoa tan phdi tir caffeic acid (HCaf) trong

CoHsOH dugc dung dich HCaf 0,1M;
phéi tir 1,10 phenanthroline (Phen) ciing
dugc hoa tan trong C,HsOH, duoc dung
dich Phen 0,1M. Hoa tan cac Ln,O3 (Ln:
Dy, Er, Yb) trong HCI dac, c6 can dung
dich, thu duoc mudi LnCl; khan. Hoa tan
mudi LnCl3 khan bé’mg nude cat 2 lén, thu
dugc cac LnCl; 0,1M. Cho tur tir dung
dich LnCl; 0,AM vao dung dich HCaf-
Phen [12]. Céc chat: LnCls, HCaf, Phen,
phan tng theo ti 16 s mol 141 :3:; pH =
5 Sau khoang 4h , xuat hién chat rin
khong tan (phuc chét) duoc loc, rira va
lam kho.

2.3. Cac phwong phap nghién ciru tinh
chit ciia phirc chat
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Phuong phap phd hdng ngoai (FTIR),
duogc thuc hién trén may FTIR Affinity -
IS, hing SHIMADZU (Nhat), tai khoa
Hoéa hoc, truong PH KHTN - DHQG
Ha Noi.

Phuong phap phan tich nhiét, dugc thuc
hién trén may SETARAM (Phép) tai khoa
Hoéa hoc, truong DPH KHTN - DHQG
Ha Noi.

Cong thirc ion phan tir va ion manh cua
cac phirc chit duoc xac dinh boi phuong
phép phd khdi luong (MS), duoc ghi trén
may LC/MS - Xevo TQMS, hdng Water
(My), tai Vién Hoa hoc, Vién Han 1am
KH va CN Viét Nam.

Hoat tinh sinh hoc cua cac phurc chét duoc
tién hanh vé6i 3 chung khuan (Escherichia
coli (E. coli), Staphylococcus Aureus (S.
Aureus), Pseudomonas aeruginosa (P.
aeruginosa), tai Khoa Sinh hoc, Truong
DHSP Thai Nguyén, bang phuong phap
xac dinh dudng kinh cua ving tc ché
[13].

3. KET QUA VA THAO LUAN

Tir két qua phan tich ph6 FTIR, gian db
nhiét va pho MS ciia CAc phirc chat, chung
t6i da dé nghi cong thirc phan tir gia thiét
ctia cac phirc chét.

3.1 Két qua pho hap thu hong ngoai

Bang 1 trinh bay két qua pho IR cia phi
tir va ba phic chat. Dai hap thy manh &
1640 cm™ dic trung cho dao dong cua
nhém -COOH trong pho IR cia HCaf da
dich chuyén vé ving (1616-1620) cm™
trong pho IR cua ba phirc chat. Chung to
lien két Ln**-Caf di hinh thanh qua
nguyén tir O cua COO'. Hi€u av=av,_ - Av,
= (127-135) cm™ chung to kiéu phdi tri
vong hai cang da xay ra trong cac phuc
chat [14]. Mit khac Trong phd IR cia
Phen xuat hién dai & 1587 cm™ duoc quy
gan cho dao dong cua -CN, ciing bi dich
chuyén vé (1539-1544) cm™ trong phd



ctia ba phic chat, didu nay ching to da
xuét hién lién két Ln**-Phen qua N cua
Phen [15]. Nhu vay, trong cac phirc chét
da tdng hop, ion Ln*" da ddng thoi phdi
tri voi O cua -COO' trong Caf va voi N
ctia Phen kiéu vong hai cang bén vimg.

Bén canh do, trong phd IR ciia cac phirc
chat con c6 dai & 491 - 497 cm™ , chung
t6 cho sy hinh thanh lién két Ln**- O; dai
& 3062 cm™t thudc vé dao dong cua -OH
trong Caf.

3.2. Két qua phan tich nhiét

Bdng 1. Cdc s6 séng dic trung trong phé IR cia cac hop chat (cm™)

1T Hop chat V(cooH) Vas(co0") Vs(coon) Ven) Vo) VioH)
1 HCaf 1640 1445 3399
3217
2 Phen - - - 1587 3387
3 Dy(Caf)sPhen - 1620 1485 1543 497 3062
4 Er(Caf)sPhen - 1612 1485 1539 495 3062
5 Yb(Caf)sPhen - 1616 1483 1544 491 3062
Bang 2. Ket qua gian do phan tich nhiét cia cac phirc chat
, ) 0 . ) Khoi lugng mat (%)
TT Phirc chat Nhiét @ ("C) | Quatrinh xayra | Phan con lai i
Ly thuyét | Thuc nghiém
243 Phéan huy Dy(Caf), 40,76 42,34
1 | Dy(Caf)sPhen 358 Phéan huy 38,12 39,54
_ Dy.03

539 Phén huy 40,54 37,82
258 Phén huy Er(Caf), 40,54 37,82

2 | Er(Caf)sPhen 473 Phéan huy
Er,0; 37,92 37,76

681 Phéan huy
245 Phan hiy Yh(Caf), 40,31 42,12

3 | Yb(Caf)sPhen 413 Phén huy
Yb,03 37,64 34,72

534 Phéan huy

Két qua phan hity nhiét duge trinh bay &
bang 2. Két qua phan huy nhiét cia ba
phirc chét cho thiy, dudi 243 °C khong c6
hiéu ung mat khdi luong trén dudng
TGA, ching to trong cac phtc chat
khong cO nudc. Dir liéu nay hoan toan
phi hop vé6i két qua pho IR. Trén duong
TGA cua ba phirc chat déu xuit hién 3
hiéu mg mat khéi lugng, hiéu tmg mat
khéi lugng thir nhat ¢ (243-258) °C duogc
gia thiét cho quéa trinh tach Phen va 1
phéi tir Caf”. Hiéu tng mat khdi luong
thir hai ¢ (358-473) °C va hiéu (mg mat
khéi lugng tht ba ¢ (534-681) °C duogc
gia thiét cho qué trinh phan hily hoan toan
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phirc chat va tao ra san pham cudi clng 1a
Ln,Os. Bang 2 cho thiy, sé liéu thuc
nghiém tuong ddi phii hop véi tinh toan Ii
thuyét. Tur 46, chung toi dua ra so dod
phan hay nhiét cua cac phirc chat di tong
hop nhu sau:

Ln(Caf), Phen —22

3.3. Két qua phé MS

Phé MS cua 3 phic chat duoc trinh bay
trén hinh 1.

Phé MS ciia phirc chat Dy** xuét hién pic
c6 m/z 16n nhat tai 883, gia tri nay trung
véi khoi lugng ctia [Dy(Caf)z(Phen)]’,

Ln(Caf), —Z&80 ¢

Caf

Ln,O, (Ln:Dy,Er.Yb)



chung to [Dy(Caf)g(Phen)] la ion phan tr
cua phirc chat Dy>". Pic c6 m/z = 702
chiung minh sy xuét hién cia ion
[Dy(Caf)s]*, pic nay c6 cuong do 16n nhat,
do d6 day 14 ion co ban. Ngoai ra con xuat
hién 2 pic ¢6 m/z lan luot 1a 522 va 180,
cac gia tri nay dugc quy géan tuong ung
cho cac ion manh [Dy(Caf),]* va [Phen]".

1804 f228
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Hinh 1a. Phé MS cuia Dy(Caf);Phen

Hinh 1b. Phé MS cia Er(Caf)s(Phen)
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0 0 o o0

Hinh 1c. Phé MS cua Yh(Caf)s(Phen)

Phd MS cua phtrc chat Er** xut hién pic
cO0 M/z cuc dai tai 887, gia tri nay ching
t6 sy c6 mat cua ion phan to
[Er(Caf)3(Phen)]’, ion co ban [Er(Caf)s]"
tuong ung voi m/z = 707. Hai ion manh
[Er(Caf);]" va [Phen]'dugc quy gan bdi
hai pic xuit hién & m/z = 527 va m/z =
180 tuong ung.

Tuong ty nhu hai }ghu:c ghét trén, phérMS
ciia phirc chat Yb® xuit hién chu yéu 4
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pic c6 m/z = 893; 713; 533 va 180. Céc
gia tr1 nay dugc gan tuong ung cho sy
xudt hién coa: lon  phan  tir
[Yb(Caf)3(Phen)]" (m/z = 893); ion co
ban [Yb(Caf)s]" (m/z = 713); 2 ion manh
[Yb(Caf),]" (m/z = 533) va [Phen]" (m/z
=180).

Két qua phé MS cua 3 phirc chét cho thiy
thanh phan pha hoi cua 3 phire chit twong
tu nhau, déu bao gém sy c6 mit cua 1 ion
phén tu, 1 ion co ban va 2 ion manh. So
dd phan manh cua cic phic chat duogc
trinh bay ¢ hinh 2.

[Dy(Caf)sPhen]- _ -Phen [Dy(Caf):]-
m/z = 883 m/z = 703
>
[Dy(Caf):]'
m/z = 522
Hinh 2a. So' @6 phan manh cua Dy(Caf)s(Phen)
[Er(Caf)3;Phen]’ % [Er(Caf)s]’
m/z = 887 m/z =707
o
[Er(Caf),]”
m/z =527
Hinh 2b. So @6 phan manh cua Er (Caf);Phen
[Yb(Caf)sPhen]* __~Phen [Yb(Caf)s]*
m/z = 893 m/z="713
&
P
<.
&
[Yb(Caf).]"
m/z = 533

Hinh 2c. So do phan manh cia Yb(Caf);Phen

Tir két qua phd MS cua 3 phuic chat, két
hop véi két qua phd IR va phan tich nhiét,
chung t6i dua ra cong thic ciu tao gia
thiét ctia c4c phire chat & hinh 3.
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Hinh 3. Cong thirc cdu tao gid thiét ciia
Ln(Caf)sPhen (Ln: Dy, Er, Yb)

3.4. Két qua hoat tinh sinh hoc

O

OH

Két qua vé kha ning khang khuan (xac
dinh boi dudng kinh cta ving trc ché) cia
cac hop chat nghién ciru va cac chat dbi
chiéu (HCaf, LnCl;, khang sinh
Amoxilline) dugc trinh bay trong bang 3.

Két qua chi ra rang, cac phirc chat déu co
hoat tinh khang khuan cao ddi véi
Escherichia coli, Staphylococcus Aureus,
Pseudomonas aeruginosa khi so sdnh véi

HCaf va LnCl;. Trong d6, Dy(Caf)sPhen
thé hién hoat tinh khang khuén cao nhat,
tiép theo la  Er(Caf)sPhen va
Yb(Caf)sPhen. Piéu nay co6 thé duoc giai
thich bang ly thuyét "Chelation  cua
Tweedy, cho rang kha nang thAm thau cua
te bao phu thudc rat nhleu vao dac tinh
wa chat béo cua mang té bao, nghia 1a
mang té bao ludn cho cic chit hoa tan
trong lipid di qua mot cach dé dang [14].
Trong céac phirc chat da nghién ctru, c6 thé
gia sir su gia ting tinh ua chat béo sau
khi tao phirc, boi thuc t& 1a dién tich
duong cua ion kim loai dugc chia sé mot
phan véi cac nguyén tir cho electron cua
phéi ttr, dan dén sy giai téa electron-n
trén vong chelate. Mat khac su twong tac
cua ion kim loai hoac phuc chit véi cac
thanh phan cua té bao thong qua cac con
duong khac nhau ciing c¢6 thé lam thay
d6i tinh chat cia mang té bao, dan dén
doc tinh cua mudi LnCls hodc phuc chét
dat hiém cao hon so véi phdi tir ty do
[14].

Bdng 3. Két qud hoat tinh khdng khudn ciia HCaf, LnCls va phitc chat

. . Duwong kinh vang e | Puong kinh ving we | Puong kinh ving e
Mau Nong d¢ | ché Escherichia coli | ché Staphylococcus ché Pseudomonas
(nm) aureus (nm) aeruginosa(nm)

Ahang Sinh 50mg/ml 30 23 25
50 pg/ml 0 0 0
HCaf 100 pg/ml 7 8 6
200 pg/ml 9 10 9
50 pg/ml 27 31 28
Dy(Caf)sPhen 100 pg/ml 38 45 42
200 pg/ml 42 46 44
DyCl; 200 pg/ml 13 15 14
50 pg/ml 0 0 0
Er(Caf)sPhen 100 pg/ml 37 39 37
200 pg/ml 40 42 40
ErCls 200 pg/ml 11 13 12
50 pg/ml 0 0 0
Yb(Caf)sPhen 100 pg/ml 27 30 28
200 pg/ml 37 38 38
YbCl; 200 pg/ml 11 12 11
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4. KET LUAN

Di téng hop dugc 03 phirc chét rén cia
caffeic acid va 1,10 phenantroline véi
Dy** Er¥*, Yb%*, cac phirc chét & trang
thai khan, cong thuc phan tir c6 dang:
Ln(Caf)sPhen (Ln*": Dy**, Er**, Yb*").

Trong 3 phic chat, Ln®*" lién két voi
nguyén tr O ciia 3 phdi tir Caf va nguyén
tir N ca mot phdi tir Phen theo kiéu phbi
tri vong 2 cang véi sb phéi tri 8. CAc phirc
chat déu khong c6 nudce va tuong dbi bén
nhiét; ching déu 1a cic phuc chat don
nhan, c6 thanh phan pha hoi tuong tu
nhau, cdc ion phan tir va ion manh tuong
d6i bén trong diéu kién ghi phd MS.

Ba phirc chat déu c6 kha niang khang 3
chung khuan Escherichia coli,
Staphylococcus Aureus, Pseudomonas
aeruginosa twong ddi tot, tot hon phdi tur
va ion kim loai, dong thoi tét hon khang
sinh Amoxilline, trong do phuc chat cia
Dy3+ khang khuan t6t nhét, rdi dén phuc
chit cia Er** va Yb**,

Loi cam on: Bai bao nay duoc tai trg boi
dé tai KHCN cdp Bo ma sb B2023-TNA-
28 do tac gia Nguyén Thi Hién Lan la chi
nhiém.
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