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TOM TAT
Bai bdo trinh bay kbt qua cia qud trinh tong hop edc hé xtic tdc phiic axetylaxetonat kim loai nhu
Fe, Cu, Mn, ALV, Co. Xiic tde diege nghién ciru dac trung bang cdc phuong phdp hoa Iy hién dai
nhu IR, UV-Vis, AAS. Hoat tinh xiic tdc dugc xdc dinh véi phan img oxi hda saccaroza. Két qua

cho thdy xiic tdc Fe(acac); va Cufacac); cho hoat tinh vé hiéi sudt chuyén hoa saccaroza thimnh
axit cacboxylic cao vdi thoi gian phan img ngdn.

ABSTRACT

Metal acetylacetonate catalysts such as Fe, Cu, Mn, Al V, Co were synthesized and characterized
by IR, UV-Vis, AAS. Catalytic activities were determined by the oxidation of sucrose. The resuits
show that Fe(acac); and Cufacac); have the highest activities and yields with short reaction time.

1. GIOI THIEU

Axetylaxetonat kim loai 14 cac phuc
trung tinh, n dinh trong khéng khi va hoa
tan v6i nhiu dung méi hiu co.
Axetylaxetonat kim loai c6 thé sir dung 1am
xic téc cho nhiéu phan {mg nhu: phan img
oxy hod, isome hoa, hydro hoa, dehydro
ho4, este hoa... Khi sir dung lam xic tac, né
¢6 thé & dang phitc nguyén chét hay tao
phirc hén hop véi cac ligan khac hosc mang
trén chit mang [1-4].

Bing qua trinh oxi hoa, tir saccaroza
cé thé phin duge cac axit cachboxylic va
dicacboxylic nhu: axit D-saccaric, D-
gluconic, tactronic, tactaric, succinic, Xitric,
oxalic, axetic...Cac axit cacboxylic va
dicacboxylic nhén duge tir qua trinh oxi hoa
saccaroza c6 thé duoc sir dung dé diéu ché
phire 1am phén bén qua 14, lam chét tao mau
cho gbm s, sir dung trong thue phim va
dac biét ghn day D-saccaric (hay con goi 14
D-glucaric) duge sir dung nhidu trong duge
phém lam chét chéng ung thu [1-2, 5-12].

2. THU'C NGHIEM

Cac xuc tac phitc axetylaxetonat
kim loai duge dieu ché tor phan {mg cla
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axetyl axeton v&i cac mudi cia cac kim loai
chuyén tiép theo quy trinh di trinh bay trong
[1, 2]. Déc trung xic tac duge nghién ciru
bing phuong phap phd héng ngoai (IR) trén
may FTIR Shimadzu 8000
Spectrophotometer, phé tir ngoai kha kién
(UV-Vis) trén may UV-Vis GBC 2855, pho
h.'flp thu nguyén tir (AAS) trén may AAS-SP9
Pye Unicaml.

Qua trinh oxi héa saccaroza duoc tién
hanh trong pha long véi tac nhan oxi hoa 1a
H,0,. Hiéu suat chuyén hoa saccaroza duroc
tinh toin théng qua db axit tdng cong xac
dinh bing phuong phap chuin 5. San phim
phan ng oxy hoa duoc phin tich trén may
sic ky léng LC-10AD Shimadzu UV-VIS
210nm, ¢t phéan tich SupelcoH, pha dong la
dung dich 0,1% H;PO,, téc d6 dong 0,3
ml/phit, 4p sudt 67 bar.

3. KET QUA VA THAO LUAN
3.1. Nghién cteu dic trung xiic tic
3.1.1. Phurong phdp pho héng ngoai.

Két qua nghién ciru diic trung cla cac
mau xuc tdc axetylaxetonat kim loai va phdi
tir tu do axetylaxeton bing phuong phap phd



Hgi nghj Khoa hoc ldn thie 20 - DHBK Ha Ni

Phan ban: Cong nghé Hod Hiru co

1708.8

Fe{acac),

Cu(acac),

Mn(acac),

Allacac),

VO(acac),

™

T ] - T T b T [ L) T T

3500.0 2000.0

1500.0

Hem  oongp S00.0

Hinly 1. Phé hong ngogi cria axetylaxeton (Hacac) va xnice fde Mefucac),

hip thy hf‘)ng ngoai  duge trinh bdy trén

hinh 1.

Trén phd IR cha phdi tir ty do ¢hinh
1). vin phé 3431cm™, voi cudng dé manh,
thé hign dao ddng fién két hydro nfgi phan tir
ctia nhém O-H, van phd 1708cm™ dac trumg
cho dao dong ctiia nhém cacbonyl C=0. Tan
56 1620em™ ¢6 the la dao dong hoa trj cua
lién két ddi C=C. tin sb 1157cm™! co6 thé 1a
duo dong cita lién két C-O. Nhu vy, phd R
cua axetylaxeton cho lhay ngoai sy xual
hign nhom cacbonyl dong thoi con xudt
hién lién két déi C=C va lién két hydro ndi
phin tr c¢ia nhom O-H, chimg .to
axetylaxeton khi chua 120 phirc tdn tai chi
véu g dang enol. Chinh dang cdu tric niy sé¢
dé dang tao phitc vong cang vdi céc ion kim
Joai.

Ngoai ra, trén phd héng ngoai con ¢é
tin s6 dic trumg coa dao dong C-H trong
nhém CH; o 1384cnt”’ va dao dong, C-H
cua litn két dbi gitta mach voi tan sé
2022em™.

Khi tao phue. tinh déi mmg cla
phdi t thuong bi giam {1], do dé xdy ra su
tach eie tan so dao dong suy bién, dong, thoi
xudt hién cac van hdp thu hdng ngoai ma &
phdi tir ur do chi hoat dong trong pho
khuyéch tan t& hgp. Nhur thé, van phd va

dinh phd trong phitc chit s& nhiéu hon trong
ph01 nr tr do. Didu nay thé hién ro rén cdc
két qua phan tich IR cua cdc mau xic tic
phirc. Mt khéc, khi tao phire. cic phéi 1ir
thudng phai lay electron ctia minh dé tao 1ién
két phdi tri v&i ion kim loai, 1am gidm mat do
dién tich & nguyén tir lién két truc tiép véi ion
kim loai. Do dé, viée tao phirc thudng lam
yeu lién két ngay canh lién két phm tri dan
dcn lam gidam tan s6 dao dong hod tri cua lién
kct nay [1]. Trén phd hong ngoai cho thiy tin
sb dao déng cua nhém C=0 va C=C trong
cdc phire chit thzip hon so v&i dao ddng
fwrong tng trong phot tur tur do. Vi du, tan sb
dao dong cuia lién kit C=0 va C C trong
miu Fe(acac); 1a 1571 va 1527cm” giam di
so vai dao dng tuvong Umg cua phdi tr 1’
1708 va 1620ecm™. Nhu vdy, di c6 su tao
phic  gitta ion kim loai va phdi wr
axetylaxeton qua nguyén tr oxy cia nhém
C=0.

Ngodi ra, trong phé IR xudt hién
nhimg van phd co cuomg do trung binh trong
dai 500- 400cm™ . Hay chinh 1a dao ddng cva
lign két gitta kim loai va oxy. Chang han.
trong phire Fe(acac);, Cu(acac) dao dong cna
lién ket M-O tuong tmg & 1an sb 435em™ va
453cm’.

Trén phd IR ctia cde miu Fe(acac)s.
Cu(acac);. Al{acac)s, Mn(acac); tdn sb cua
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vén phb & ~3400cm™ khéng con manh nhu
trong phéi tir tw do. Piéu d6 cang chimg t6
kim loai da thay thé H trong dang enol cla
axetylaxeton dé lién két e tlep voi
nguyén tir O khi tao phue. Tan sb dao dong
cia lién két C-H va cic nhém CH; khi &
dang phirc khéng thay doi nhiéu so vdi phéi
wr tr do.

Trong phé hfSng ngoai ciia mau xuc
tac phirc VO(acac),, ngodi cac van phé dic
trung cho cdc nhém chire gidng xue tac
phitc ctia sat vi dong cdn co van ph cudng
dd manh véi tan s6 3429 em™? . bay co thé Ia
dao déng dic trung cho lién két hydro duge
tao ra boi nguyén tir oxy tr do lién két véi
ion kim loai vanadyl.

Tuong ty. mdu xue tic phirc cua Co
(1) ctng xudt hién vén phé manh & tan sb
3408cm™, day la dao djng cua phan nr H,O
'két tinh cling hodic dao dong hod tri cia lién
két hydro.

Tir két qua phdan tich h()ng ngodi
cho thdy, cde xie tac da diéu ché c6 sir tao
phite giita ion kim loai véi phéi tir e do
axetylaxeton gua nguyén fic oxy.

3.1.2. Nghién ciru diic trung xic fdc bang
phwong phap phé hip thu nguyén tir..

Ham lugng ion kim loai ctia 3 mau
xuc tic Fe(acac);. Cu(acac):, Al(acac);
duge xde dinh theo phuong phap phd hap
thu nguyén tir (AAS), sai sb cua phép do la
+0.5%. Két qua dua ra & bang 1.

Bang 1. Ham lirgng ion kim logi trong mot
s6 mdu xite tde xdc dinh béing AAS

Maéu xiic tac Ham luong ion kim loai
% Iy % thue
thuyet nghiém
Fe(acac); 15.8 15,3
Cufacac) 245 242
Al(acac)s 8.3 7.9

Bang 1 cho thdy. ham luong ion
trung tAm cua 3 mau xGc tic trén sai khac
gitta 1y thuyét va thuc nghiém trong gidi
han cho phép. Diéu d5 chirng 16 hrong phoi
tir két hop voi ion kim logi trung tam theo

Do hap thy, A

dung cong thiee Fe(ucac)s Culacacl; va
Al(acuac)s.

3.13. Nghién citu diic trung xiic tic bing
phurong phdap phoé UV-Vis.

Phé hip thu tir ngoai kha kién cia
mau Fe(acac); va Cuacac); dugc trinh bay
trong hinh 2. Phirc Fe(acac); hap thu manh &
ving t@ ngoai gan vdi  budc song
Amax=234nm \m lge=3.59. B:eu do6 chimg to
da co su chuyén mirc kém chuyé ¢n dién tich tir
phf)i tir tr do sang cic orbital d cua ion kim
loai tao phire [1]. Nhu vdy, theo két qua phan
tich hong ngoai cia mau xuce tac Fe(acac). sy
chuyen murc kém chuyén dién tir nay chi cé
thé 1a sur chuyén clectron cua ng.:uvcn fr oxy
sang orbital d cua ion kim loai Fe''

Van phé) vai bude song A, =273nm
¢6 hé s6 hip thy mol rit Iém (e= 8517) ¢6 thé
la budc chuyén dién tir tr non trong hé
thdng lién két boi lién hop [1]. Diéu nay cho
thdy trong phin tr phice Fe(acac); ¢o chia
cac lién két d6i lién hop gitta nhom C=C va
nhom cacbonyl C=0.

4 273.1
3 Fe(acac);
[P 12944
] 2340 Cugacae)s
1o 4
05 3
. 3509
1
0.0 e R
20010 000 SO0 000
Tén s8. nm
Finh 2. Phd UV-Vis cia xiic tde Fefacac); va
Cufacac).

Ngodi ra, trén ving kha kién co dai
hip thu rong cudomg dd véu & x=430nm diic
trung cho dai chuvén dién tich d-d trong ion
kim loai khi chju tac dung cua trudmg phéi tir.

Két qua phan tich ph(? UI-FIS cua

muu xue tde Fetueac)s cho Ihay fon kint logi

" dd o phire voi phm fir axeiylaxeton ¢o
chzm hé Ihung 2 lién két doi lien frop.

AIIERY]



Hpi nghi Khoa hoc lan thit 20 - PHBK Hiq Nji

Phin ban: Cong nghé Hed Hitu co

3.1.4. Xay dung céng thikc clu tao cila cic
phrre.

Tong hop céc két ludn thu duoe tir
phé hép thu hdng ngoai, phd tir ngoai kha
kién va két qua phan tich ham lugng ion
kim loai trung tim, cdng thirc cu tao cua
cde phire chét duge dua ra nhu hinh 3.

Trong phttc cua Fe(Il), Mn(lIl),
AI(ITT) axetylaxetonat, cac ion kim loai két
hop v6i 3 phéi tir axetylaxeton tao phirc bat
dién véi dung luong phéi tri 1a 6 nhir hinh
3a. Phirc ctia Cu két hop véi 2 phan tir
axetylaxeton tao phirc hinh vudng véi dung
lwong phéi tri 14 4 (hinh 3b). Lién két phéi
tri déu duoc thue hign qua cic nguyén tir
OXy clia ion axetylaxetonat tao thanh dang
vong cang chira mét hé lién két doi lién
hop.

H,C,
c-Cll
ff
mcC . oC an e cn,
ne? \M/ 7N 0TS
Yemo ) HG ol oH
1 0 c=0" 0-C
i o} C CHy ¢ CH,
C=cH
Hy¢
{a) M=Fe, Al, Mn )
ch\ T|) ,CH:;
-0 .0=C
4 Prie b
HC, \v\ CH  (0)
c=0" 0-¢,
HyC CH,

HC 1‘20 CHy  HiC S
C-0 .-0=C C-0 0=
sl o ¢ Dl m
£=0" 4} To-¢ C-OH 0~C
H,C no | GhIC CH,
(d) (e)

Hinh 3: Cdu tritc cua cdc phirc Me(acac),

V& mau  xic tac  vanadyl
axetylaxetonat, trong qué trinh tdng hop,
nguyén lidu V7 (V,05) trude hét bi oxy hod
thanh V** bdi axit H,SO,; dam dac. Trong
dung dich nudc vanadyl vdi trang thai oxy
hod +4 téon tai & dang [V=O}*". Khi tao
phtre, ion kim loai s& két hop véi 2 phén tir
axetylaxeton ddng thoi lién két truc tiép voi

nguyén tr oxy tu do (V=0). Piéu nay duoc
khing dinh trén pho héng ngoai or tan s dao
dong cia lién két hydro (3429cm™) duoc tao
ra boi nguyén tu oxy tu do. Do vay, cdng
thirc cdu tao cua mau xuc tac phirec VO(acac);
c6 thé nhw hinh 3c.

Tuong ty, ion Co(ll) khi tao perc S¢
ket hop vai 2 phéi tir axetylaxeton gidng nhur
miu Xtic tac phirc dong. Ngoai ra, trén phd IR
con xudt hién van phd dic trung cho dao
ddng hod tri cua lién két hydro. Nhu' vy,
trong phan tir phitc Co(II) ¢6 thé ¢6 chira cac
phén tir nwée lién két trye tidp voi ion Co®*
nhu mét ligan th hai (hinh 3d) hodc chira
nhém OH ty do nhu trong dang enol ctta phéi
tur axetylaxeton (hinh 3¢).

Pé biét chinh xac cu trac cla phén
wr phitc Co(ll) axetylaxetonat can cd thém
cac phuong phdp nghién cimi sdu hon nhu
phuong phdp phd khéi luong va phuong
phédp phéan tich nhiét xdc dinh ham lugng
nudc.

3.2, Nghién citu hogt tinh xiic tdc dbi véi
phdn itng oxi hda saccaroza.

3.2.1. Anh hueomg ciia nhiét @ phan teng

Anh hudéng cta nhiét d6 dén hiéu
sudt chuyén héa cia phan tng oxi héa
saccaroza trén cac xuc tac khac nhau dugce
trinh bay trén hinh 4.

Két qua trén hinh 4 cho thiy khi nhiét
5 thdp (<70°C), phan img dién ra vai tée do
cham, thoi gian dé hdn hop dat dén trang thai
cdn biing dai. Didu nay c6 thé do sy phin huy
tac nhin phan tmg H,0; thanh cac gbe tu do
va oxy hoat tinh & nhiét d6 nay con han ché.
Do vy hiéu suit chuyén hoa saccaroza thanh
axit cacboxylic thép.

Ngugc lai, khi tién hanh phan tng &
nhiét d cao >90°C, téc d6 phan huy tac nhan
H>0, manh, hro*ng oxy hoat tinh va cac goc
tw do tao ra nhiéu. Khi do, tic nhin oxy hoat
tinh khéng kip tac dung hét, nén c6 thé da c6
sw két hop giira chiing tao oxy phin nr. Mit
khdc, ¢ nhiét ‘dd cao, lugmg oxy hoat tinh
nhidu céc phan mg oxy hod siu xay ra tao
cdc san pham 14 CO,, H,O lam hiéu suit
chuyén hod saccaroza giam.
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1
\j«-—- Mn{acac)3 L
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Nhiét do ('C)
Hinh 4. Anh hwong cia nhiét d¢ dén hiéu sudt chuyén héa ciia phan tmg oxi héa saccaroza
trén cde xiic tde Mefacac), (nu/n.=0.075% mol/mol, h0/1e.=6/1 mol/mol)

Nhuwe vdy, nhiét do rhich hop nhét cho
phadn ung oxy hod saccaroza sw dung xic tdac
phirc Me(acac), la 80- 90°C. Tai khodng
nhiét dé nay hiéu sudt thu san phim axit
cacboxylic én nhit véi thoi gian phan {mg
ngin nhat.

3.2.2. Anh huéng ctia ham lugng xiic tc.

Anh hudémg ctia ham luong xic tic
dén hiéu suit chuyén hoa clia phan tmg oxi
hoéa saccaroza trén cac xuc tic khac nhau
duoc trinh bay trén hinh 5.

Két qua nghién ciru 4nh hudmg cua
lugng xic téc cho thidy vai ty 18 xic
thc/saccaroza khoang 0,075-0,1%, hidu sudt
chuyén ho4 saccaroza 16m nhit.

Trong truomg hop lugng xtc tic
thdp, cac tim hoat dong khéng nhiéu din
dén kha nang phan huy tac nhan H,O, bi han
ch{i. Két qua la tbc d6 phan vmg cham, hiéu
suét thép. Khi sb luong cac tdm hoat tinh cta
xtic tic tang 1én quéa nhiéu, tbe do phan huy

H,0, thanh cac géc fir do va oxy hoat tinh
lém, c6 thé chung di két hop véi nhau tao
thanh phan tir trung hoa, kim him tién trinh
cua phan tmg.

Vi 1y 1¢ xie tdc 0,075-0,1% s6 tam
hoat dong viea du cho qua trinh phdn huy
H>0; tao oxy hoat tinh. Lugng oxy nay phu
hop vé téc do phan {mg oxy hoa, do vay,
cho hiéu sudt chuyén hoa cao nhit 65%.

Cac gia tri thich hop cta phan {ng
oxy hod saccaroza s dung xtc tac khac
nhau duge trinh bay trong bang 2. Hiéu suat
chuyén ho4 saccaroza tai cac diéu kién tbi uu
duoce thé hién trén hinh 6.

Tir hinh 6 cho thdy trong cde loai
xic tdc dd su dyng, phic axetylaxetonat cua
sdt va dong cho hoat tinh va higu sudt
chuyén héa saccaroza thanh axit cachoxylic
cao voi thoi gian phan tng ngdn. Pdy cé thé
la cdc xuc tdc phi hop voi phan img nay.

1 70 j
.65 |
€0 —e—[e(acac), |
; —m— Cu(acac), .
g5 —a— Al(acac); |
CE s —e—VO(acac), -
| T —#—Mn(acac),

| 45

40 :
0.05 0.075 0.10 0.125 0.15

% xiic tac ;
i

Hinh 5. anh huong ctia ham luong xie tdc dén hicu sudt chuyén hoa cua phan tmg oxi hda
saccaroza trén cac xue tdc Mefacac), (n,/n,..=0,075%mol/mol, nys 2. =6/1 mol/mol)
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—s=— Cu(acac),
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20
i0

Hiéu suit, H%

Céc két qua phén tich san pham phan
ting bing HPLC cho thdy sin phém chinh
cua phan ung thu dugce la axit D-saccaric,
ngoai ra con cd cac axit khac nhu axit D-
gluconic, tactronic, tactaric, succinic, xitric,
oxalic, axetic. Trong trudng hop can sdn
phim tinh khiét ding cho dugc pham thi can
tinh ché, tach axit D-saccaric bing phuong
phap két tinh.

Bang 2. Cdc dieu kién phan wng 61 wu doi
voi tirng loai xilc tdc

—— Mn(acac),

0 15 30 45 60 73
Thoi gian, phiit
Hinh 6. Hiéu sudt c}myén héa saccarozatai diéu kién (6§ wu ciia cdc xtie tde
(N,/N,c=0,075%mol/mol, ny0:/Nge:=6/ mol/mol)

B e T I

Xuc tée  [Nhigt do| Ham hegng Thoi giz}n dat
tO] wu |x{c tac tol tru| hiéu suat crc
9 (ny/msac) | dai, (phit)
Fe(acac); | 80 0,075-0,1 50
Cu(acac), | 80 0,075-0,1 60
Al(acac); | 90 0,1 90
Mn(acac);| 90 0,1 90 -
VO(acac)| 80 0,075-0,1 90
Co(acac)y| 30 0,075 50

4. KET LUAN

- Pi diéu ché thanh cdng céc hé xic tc
phirc axetylaxxetonat kim loai Me(acac)y
(véi Me= Fe, Cu, Al, Mn, V, Co), nghién
cim dic tnmg bang cac phuong phép IR,
AAS, UV-Vis va tir d6 xdy dung cdng thirc
céu tao clia cac phitrc.

- Nhiét dd thich hop nhét cho phan img oxy
hod saccaroza sir dung xuc tidc phirc
Me(acac), 12 80- 90°, vai ty 18 xuc tac 0,075-
0,1%.

- Trong cdc loai xlc tac da sir dung, phuc
axetylaxetonat cia sat va ddng cho hoat tinh
va hidu suét chuyén héa saccaroza thanh axit
cacboxylic cao véi thoi gian phén tmg ngin.

—a-— Co(acac),

—+— Khong xdc tic
90 105 120

Day co thé 1a cac xnc tac phit hop véi phan
ung ndy.
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