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Graphical Abstract

The oxovanadium complexes have bgen
synthesized and characterized. @The -catalytic
bromination activity and the practical applicatjon

of H,0, detection have been studied.

2,0000

3.0000
Oy 0,0 .
443nm 0 o
o KBr. V Complex OH
2.5000 S
H,0,
Br
Br B
o 592nm 4,

15000

1.0000

Absorbance

3500 400.0 450.0 500.0 550.0 600.0 650.0
wavelength(nm)




Journal of Molecular Structure

journal homepage: www.elsevier.com

Novel vanadium complexes with rigid carboxylatehgs: synthesis, structure and
catalytic bromine dynamics of phenol red

Yang Wan§, Xiao-Meng Lirf, Feng-Ying Ba¥, Li-Xian Surf*

& College of Chemistry and Chemical Engineeringphiag Normal University, Huanghe Road 850#, Dallai5029, P.R. China
P Guangxi Key Laboratory of Information Materials, iu University of Electronic Technology, Guilin 5804, P.R. China.

ARTICLE INFO ABSTRACT

Article history

Received

Received in revised form
Accepted

Available online

pdc)(Phen)3H0

In this work, by selecting appropriate ligands, elowanadium complexes [NO(2,6-
@1 and
pyridinedicarboxylic acid, Phen= 1,10-Phenanthelinonohydrate jvere synthesized by t
reaction of {(SQy);, 2,6-pdc and Phen (fdy), VO(acac) and GHsN2O; (for 2) via solutionor

hydrothermal methods.

[(VYO)(CsHsN2O2)H0]- 2HO (2  (2,6-pdc = 2,6-

Two complexes were chaiaetbrby eémental analysis, |

spectroscopy, thermogravimetric analysis (TG), U¥spectroscopy and the single crystal X-

ray diffraction.
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Mimicing bromoperoxidase
Hydrogen peroxide determination

Structural analyses revebat the vanadium atom has distorted octah
geometry inl and2 with donor sets of N303 and N204, respectivelihe complexes whic
catalyze the oxidation of the organic substratenpheed in the presence of,®, and bromid
exhibited catalytic bromination activity, and theaction system is considerad an effectiv
model for hydrogen peroxide determinatiofhe reaction rate constaik) for complexesl anc
2 can be calculated as 2.13%H0d 2.64x18(mol/L)’s?, respectively.

2009 Elsevier Ltd. All rights reserved

1. Introduction

The coordination chemistry of vanadium, in partcuith
multidentate ligands, is attracting much attentionaccount of
its application in various filed such as catalysisedicine,
electrical conductivity, magnetism, €tt. The multifarious
structures and compositions of inorganic-organic brigy
materials are derived from the enormous compositiaf the
inorganic and organic componefit$. A lot of inorganic-organic
hybrid vanadium complexes with multidimensional staves are
prepared on account of the particularly variableation states
and coordination geometries of the vanadium at@ur group
has been working on the synthesis and propertiesthef
oxovanadium/vanadium complexes for many yé&ars. Up to
now, our group has synthesized some vanadium coeplexch
as [V(2,6-pdc)H,0),]- 2H,0, [V(dipic)(Hbdc)(2HO)],
[V2((dipic)(H.btec)(4HO)]- 2H,0, (VO)(bpz*T-0),
VO(bpz*eaT)(SCN, [VO(SQ)(bpz*P)(H0)]- H,O,
VO(SQy)(bpz*P-Me)(H0)™ ™’
mimicking catalytic bromine dynamics research, wheghibited
the better catalytic bromine activity.

As is known to all, vanadium haloperoxidase (V-HPOs)cihi
are found in marine algae can expedite the oxiddtalogenation
of the aromatic organic complexes in the preserfcerganic

and so on, and has carried out hanperoxidaseiz'z“

hydroperoxides, hydrogen peroxide or molecular exy§?°
Vanadium catalysis oxidation with hydrogen peroxidas h
attracted great attention because of the functipnaperties of
this metal in terms of selectivity and reactivity.In addition, it
brings anti-cancer and anti-bacterial propertieswthe aromatic
complexes are introduced by halogen group. Thitivaal way
for bromine oxidation of aromatic complexes is @&igghilic
substitution, but the method is low availability lmfomide and
produces a lot of industrial waste which polluteviemment
seriously. Therefore, it will be one of the key itgpto search
and synthesize substantial catalyzers with highviggtin safe
and non-toxic process. Under the mild conditionturs
vanadium haloperoxidases (V-HPOSs) can be appliecefdizing
the aim. Regretfully, the natural enzymes as pisthave some
serious disadvantages, for instance, digestionrbieases, easily
denaturationed by environmental changes and exgensi
preparation, etc. Therefore, we are trying to fsmne stable
artificial vanadium complexes to mimics natural adium
To our best knowledge, many vanadium
complexes have been synthesized for
understanding the relationship between their strastuand
catalytic activities>?’ As a part of continuing to work on the
structures and catalytic bromine activity, it igcessary to
expand and study synthesis, structures and theepiep of this
family of the vanadium complexes. Based on thessans, we

researching and
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synthesized two new vanadium complexes "'(2,6-
pdc)(Phen)]- 3D (1),  [(V"O)(GsHzN0,);H;0]-2HO  (2).
These complexes were characterized by elementayssialR
spectra, UV—-Vis spectroscopy, single-crystal X-raffraction
and thermogravimetric analysis (TG). In additiomimic
catalytic bromination dynamics of the vanadium ctares and
the potential detection of hydrogen peroxide in watere also
studied in this work.

2. Experimental

2.1.Materials and methods

We have studied catalytic bromination dynamics ediog to
the method in the literature™*"the reactions were initiated with
the presence of phenol red solution, buffer sofutib NaHPO,—
NaHPO, (pH=5.8), KBr, vanadium complex and®. The UV
spectral changes were recorded wusing a UV-1000
spectrophotometer at 5 min intervals. We colledtes] spectra
data during the reaction. Finally, we calculated tiromine
reaction rate constant of vanadium complexes throtige
experimental dat¥.

Table 1 Summary of crystal data and refinement results fo
complexesl and2*

Elemental analyses for C, H, and N were carried oution

Perkin Elmer 240C automatic analyzer. The infrapectra was

recorded on a Bruker AXS TENSOR-27 FT-IR spectrometer

with KBr pellets in the range of 4000-400 ¢m UV-vis spectra
was recorded on JASCO V-570 spectrometer (200-2000imm,
form of solid sample). The X-ray powder diffractidata was
collected on a Bruker AXS D8 Advance diffractometengstu—
Ka radiation § = 1.5418 A) in the @ range of 5-60with a step
size of 0.02 and a scanning rate of/@in. Thermogravimetric
analysis (TG) was performed under atmosphere willeating
rate of 1°C min™ on a Perkin EImer Diamond TG/DTA.

2.2. Synthesis

[VYO(2,6-pdc)(Phen)BH,0 (1) A mixture of \4(SO,)s
(0.039 g, 0.10 mmol), 2,6-pdc (0.02 g, 0.12 mmBhen0.02 g,
0.11 mmol), ascorbic acid ¢ (0.02 g, 0.10 mmol) and
deionized water (10 mL) was loaded into a Pyrex flaaker the
solution was stirred at room temperature for 3 b, Rigrex flask
was sealed and heated at £Q0for two days, and then cooled to
room temperature. Finally, brown black crystalsh@f complex
were obtained in ca. 66% yield (0.0301g) based oEimental
Analysis (%) Calcd. For @H;NsOgV: C, 48.93; H, 3.65; N,
9.01%. Found: C, 49.76; H, 2.62; N, 9.07%.

[(V"O)(CsHsN,0,),H,0]- 2H0 (2) VO(acac) (0.0265 g, 0.1
mmol) and 5-pyrazol-1H-pyrazol-3-carboxylic acidd®5 g, 0.2
mmol) were mixed and stirred for 3 h in a solutioh 9%%
methanol (8 mL) at room temperature. After two daysple
crystals of complex were obtained. Yield (basedvpn0.036g,
48.78%. Anal. Calc. For HigN,OgV: C, 32.35; H, 4.3; N,
15.09. Found: C, 32.35; H, 4.28; N, 15.05.

2.3. X-ray crystallographic determination

Suitable single crystals of the three complexes wevented
on glass fibers for X-ray measurement, respectivéteflection
data was obtained at room temperature with a Bruk¥6 A
SMART APEX Il CCD diffractometer (Bruker AXS, Karlsruhe
Germany) with graphite-monochromated Mo-K alpha réahia(
= 0.7107 A) and a» scan mode.
reflections (I > 2 sigma (I)) were used in the staal analysis
and semi-empirical absorption corrections were agplising the

All measured independent

Complexes 1 2
Formula GgH17N30sV Ci0H16N4OgV
M (g mol?) 466. 3 371.21
Crystal system Monoclinic Orthorhombic
Space group P2,/c Pbca
aA) 14.0293(12) 17.7913(10)
b (A) 13.5844(12) 16.9218(2)
c(A) 10.5485(9) 20.4769(11)
a (9 90 90
B (%) 101.2370(10) 90
vy (©) 90 90
vV (RY 1971.8(3) 6164.8(6)
4 4 16
Deaic(Mg m®) 1.544 1.600

Crystal size (mm)

0.54%0.44x0.03

0.34%0.3x0.23

F(000) 924 3056
i (Mo-Ka) / mm?* 0.556 0.691
0 (°) 1.48 to 25.00 1.94 to 28.32
Reflections collected 9785 38066
Independent reflections 3471 7662
Parameters 277 409
Ap) (e A3 1.827 and -0.833 0.780 and -0.771
Goodness-of-fit 1.093 1.063
RA 0.0660(0.0749) 0.0514(0.0780)
0.2025(0.2116) 0.1470(0.1650)

SADABS progrant® The structures were solved by the direct WR;®

method using SHELXL-97° All non-hydrogen atoms were
refined anisotropically and by temperature factothwhe full-
matrix least squares method. Hydrogen atoms ofotiganic
frameworks were fixed at calculated positions withtrigoic
thermal parameters and refined using a riding modtgldrogen
atom of free water molecules were found in differeRoarier

*aR =3 R - FI /3 A, wRe = [Zw(F-FA)%zw(F2)? Y2 R >4o( FJ).°
Based on all data.

3. Results and discussion

3.1.Synthesis

map. For complex, it should be noted that one of the O3W  \ye have successfully synthesized complekesd 2 with a

from free water was full occupancy and the other twa\Cind
O2W were disordered and split into two position witdtwpancy
0.7:0.3. Crystal data and structure refinements vedi@vn in
Table 1. The selected bond lengths and bond amgles giving
in TableS1-S2. Hydrogen bonds of the complekesd?2 were
given in TableS3-S4.

2.4. Measurement of mimic catalytic bromination dynaniics
solution

hydrothermal reaction fot and the solution reaction f& as
shown in Schemd. Starting material SQ,) ; was used to
synthesize compled, while VO(acac) was used fo2. The
complex 1 with 2,6-pdc as ligand has been synthesized by
hydrothermal methods at 100 °C, it was interestmgdte that
the chemical valence of the central metal vanadhas been
changed. A possible reason was that the higher ratope
could lead to V(Ill) atom being oxidized into a V(I\&tom by
the oxygen from air. All of the complexes were swsihed for



the first time. In addition, both complexes weré sihble at
room temperature, and can be easily soluble in DMF.

N \Jl_~-
VaSOs)s  + /EJ\ +{ \: _\> Cit /g) (1)
VO (acac): w 95%MeOH [ik gj

Scheme 1The reaction route of the complexieand?2.

\cHO
100°C

3.2.IR spectra

The IR spectras of the complexésand 2 were listed in
(Fig.S1-S2). The broad absorption bar#sitered in region of

3426 and 3437 cihwere assigned to the stretching vibrations of

the unassociated O—H in the water molecules. Thlespatz3088

3

for 2 can be caused by the-dl transition of the central metal
vanadium.

Table 2 Characteristic UV-Vis bands (nm) for complexeg

Complexes 1 2

- 216, 266 219, 262
LMCT 376, 452 294
d-d* 742 549, 786

3.6. Structural description of complexeg

[VYO(2,6-pdc)(Phen)BH,O (1) Structural analyses reveal that
the complex crystallize in the monoclinic, spaceugr P2,/c.
The molecular structure of the compléxs shown in Figure 1a.

It consists of one YV atom, a terminal oxygen atom, one 2,6-pdc
ligand, one Phen ligand, three free water molecul¥. is six-
coordinate with one nitrogen atom (N3) from the 2¢8-figand,

and 3083 ciii were attributed to the C—H stretching vibrations oftwo oxygen atoms (O1, O4) from the 2,6-pdc ligand, two

the benzene rings, pyridine rings or pyrazole rind$he bands
belonged to asymmetriz,{COO) and symmetricvs(COO)
vibrations of the carboxyl group were in 1653 and9.8ni" for
complex 1 and in 1647 and 1324 émfor complex2. The
stretching vibration of V=0 was varied at approxirha@82 cm
Yfor 1 and 964 cil for 2, as expected. The band at 577 dior

2 was characteristic of the stretching vibration8/60,,.. The
bands at 543 cthfor 1 and 540 cri for 2 were attributed to the
stretchlng vibration of V—Quox Absorptions at 440 and 470
cm* were characteristic of the stretching vibratiof/eN.

3.3.Thermal analysis

In order to examine the thermal stability of thenpbex 1-2,
thermogravimetric analysis (TG) was carried out heating rate
of 10°C /min under nitrogen in the temperature range0s1 800
°C (Fig.S3-S4). Fol, the initial loss of 34.5 % before 515 °C
was assigned to the departure of three free watezaulgls and
partial framework collapse of Phen, the second wdags in the

nitrogen atom (N1, N2) from Phen ligand and a teahaxygen
atom (O5) to form a distorted octahedral geomet®,6-pdc
ligands adopt tridentate chelating coordination &men ligand
adopt bidentate chelating coordination mode. V-@dbkengths
ranged from 2.035(3) to 2.137(8) A. V-N bond lengthsged
from 2.029(4) to 2.320(3) A. The bond length of V=Qb} was
1.592(3) A, which was shorter than the single bondvid.

Because of the inverse trans effect of the V=0 (0%, bond
length of V-N2 (2.320(3) A) was slightly longer tharat of V-
N1 (2.142(3) A).

In the packing structure, there are two kinds of rbgdn
bonding: (i) hydrogen bonding of C-8: between the carbon
atom from 2,6-pdc ligands (C15, C17) and the oxygésms
from 2,6-pdc ligands (O2) and terminal oxygen (O5t5C
H15°05% C17-H1702%#2 -x+1,-y,-z+1; #3 -x+1,y+1/2 -
z+3/2). (ii) hydrogen bonding of O-HD: between the O (donor)
and the O (donor): O(1W) -H(1D)...0(2W), O(1B)-

range of 515-10000C was due to the release of remainderH(1F)...0(3WJ® O(2W)-H(2C)...03Y, O(2B)-H(2F)...03Y,

framework of Phen and a coordinated 2, 6-pdc ligahide final
residue of the complex corresponded to the oxideaofadium.

O(BW)-H(3C)...0(1%%, O(BW)-H(3D)...0(AWP#2 -x+1,-y,-
z+1; #5 X,y,z+1; #7 -x+1,y-1/2,-z+1/2; #8 X,-y+%2A/2). By

(24.45%) For, the initial weight loss of 13.68% before 292 °C the hydrogen bonding of C15-H165%, two adjacent molecules

was assigned to the departure of two free water miele@nd a
coordinated water (calc: 14.55%). The second spefw 909°C

(obs: 68.3%) was attributed to the removal of twordated 5-
pyrazol-1H-pyrazol-3-carboxylic acid. (calc: 67.4%Jhe final

residue of the complex corresponded to the oxideaofadium.
(18.02%)

3.4.PXRD analysis

In order to confirm whether the crystal structuresrevtruly
representative of the bulk materials, the PXRD pastesf the

complexesl-2 were recorded, as shown in the Fig.S5-S6. The

phase of the corresponding complex was considerguuatses
owning to the agreement of the peak positions. different
intensity may be due to the preferred orientatibthe powder
samples.

3.5. UV-Vis spectra

The UV-vis absorption spectras of the complek@qFig.S7-
S8) were recorded in the form of solid sample andirth
characteristic of the UV-vis bands were listed inl@ah They
have similar absorption patterns. Bands at 2162&&dnm forl,
and 219 and 262 nm f@rwere attributed to the-n* transition of
the ligands. The bands at 376 and 452 nmlfd&94 nm for2
were assigned to the LMCT (ligand to metal chargmdfer)
transition. The broad peaks at 742 nmlfand549 and 786 nm

[VVO(2,6-pdc)(Phen)] were connected to form a dimer \aith
closed twelve number ring structure. (Figure 1b)erhthrough
the hydrogen bonding of C17-H1@27, the dimer was further
connected to form a 2D sheet structure which wasliphreith
cb. The formation of the dimer was more stable ughothe
connection of the above hydrogen bonds. (Figure 1c)

Figure 1: a: The molecular structure of the comple: The
biopolymers structure df;, c: A view of a 2D supramolecular
network structure formed by the hydrogen bonds.

[(V"YO)(CsHsN,0,),H,0]- 2H,0 (2) The complex crystallize
in the orthorhombic, space groupdd The molecular structure
of the complex2 was shown in Figure 2a. It comprised two
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identical crystallographically  independent
[(VO)(CsHsN,0,),H,O] and four free water molecules. Each
molecule was composed of one vanadium atom, two &zpix
1H-pyrazol-3-carboxylic acid molecules, one cooadén water,
a terminal oxygen atom and two free water molecuresyhich

molesule inithe range of 1.966- 2.228 A, ones of the

V-N were about 2.029- 2.320 A.

Table 3 Hydrogen bonds (A) for compléx

V" was six-coordinate with two oxygen atoms (09, O11) and

two nitrogen atoms (N1, N3) from the 5-pyrazol-1H-gmia3-
carboxylic acid molecules, one oxygen atom (O8) frtime
coordinated water, and a terminal oxygen atom (O7ptm a
distorted octahedral geometry. 5-pyrazol-1H-pyké&zo
carboxylic acid molecules adopt bidentate chelatiogrdination
mode, the dihedral angle of two five number ringsveen (V1
011 C1 C2 N1) and (V1 O9 C6 C7 N3) is 81.34 (8)°. Vddd
lengths ranged from 1.599(2) to 2.192(2) A. Thedtemgth of
V=0 was shorter than V-O obviously. V-N bond lengthsged
from 2.192(2) to 2.066(3) A. O-V-O bond angles ranffeun
83.27(9) to 168.83(18)O-V-N bond angles ranged from 73.34(9)
to 161.99(1¢), N-V-N bond angles ranged from 91.89(10) to
94.96(10§. It should be pointed out that distortion of tigahds

in a molecular is different which maybe bacause freger is
asymmetric distribution and build the different radling.

In the packing structure, there are three kindshyafrogen

Complex 1
D-H---A d(D-HYA d(H---AYA  d(D---AYA ZD-H.--AP°
C(15)-H(15) - O(5)? 0.93 2.57 3.264(2) 131.9
C(17)-H(17) - O(2)"® 0.93 2.55 3.380(3) 148.00
O(W)-H(1D) - O2Wf  0.827(19)  1.97(2) 2.778(4) 166(5)
O(1B)-H(1F} - O@BWY®  0.82(2) 2.56(4) 3.157(10) 166(5)
O@W)-H(@2C) - O@)"  0848(19)  1.97(2) 2.806(3) 131(5)
O(2B)-H(2F} - O(3)" 0.83(2) 2.24(9) 2.931(8) 171(5)
O(BW)-H@EC) - O(1y?  0.822(18)  2.38(3) 3.076(3) 141(12,
O(3BW)-H(3Dy - O(1Wys 0.838(18)  2.00(2) 2.826(4) 143(4)

bonding: (i) hydrogen bonding of C-8: between the C atom
from 5-pyrazol-1H-pyrazol-3-carboxylic acid moleesl (C16),

and the O atom from free water molecule (O4W): ClG‘TabIe4Hydrogen bonds (A) for complax

* Symmetry code:#2 -x+1,-y,-z+1; #3 -x+1,y+1/2,-z+3#3 X,y,z+1; #7 -
x+1,y-1/2,-z+1/2; #8 x,-y+1/2,z-1/2

H16E O4W™ (#6: -0.5+X, y,

0.5-z). (i) hydrogen bonding of O ~complex 2

H~O: between the O atom from free water molecule (O1W,

O2W), 5-pyrazol-1H-pyrazol-3-carboxylic acid moleesil (04,

06, 010, 012), coordinated water (02, 08) and terminggex D" A dO-HYA  d(H--AYA  d(D-AVA LD-H--AP
atoms (01, 07): O1W-HIWAO10, O1W-HIWB 012" (#7: 1-  08-H8G - O1W? 0.819(9) 1.76211)  2.581(3) 173(3)
X, y+0.5, 0.5-z), O2W-H2WAO4™ (#1: 1-x, 1-y, 1-z), O2W-—
H2WB-06% (#8: 15-x, y+0.5, z), O8-H8DD1, 08— 08-H8D: Ol 0.819(9)  1927(13  2.730Q) 166(3)
H2C. .- O (#5: 1.5-x, 1-y, 0.5+2). (iii) hydrogen bondiogN-  N2H2 * OF ® ® ® ®
H"O: between the N from 5-pyrazol-1H-pyrazol-3-carbaxyli ng_pa- - 037 0.86(3) 1.94(3) 2.792(3) 173(3)
acid molecules (N2, N4, N6, N8) and the O from 5-py¥dtt-
pyrazol-3-carboxylic acid molecules (03, 06, 09, OIN?-  02-H2A - O2W 0.824(10)  1.690(10) 2.513(3) 177(3)
H2---08% N4-H4...0% (#3: 1.5-x, 1-y, z-0.5), N6—H6---011, . 08270 P 2 69702 743
N8-H8---09. By the hydrogen bonding of N6:881 and 02- 02-H2G - O7" 82709) 873(11) 697(2) @)
. 5 :
H2C-O7" the adjacent molecules R’\Q)(QHSNZQZ)ZHZO] N6_HE - O11 0.878(10)  2.190(19) 2.941(3) 1432)
were connected to form an infinite 1D chain struc(iigure 2b)
Moreover, by the hydrogen bonding of O1W-HIWB12” and  ng_ps - 09 0.83(3) 1.99(3) 2.781(3) 158(3)
08-H8C"0O1W™ the 1D chain structures are further connected to
form a 2D sheet structure.(Figure 2c) O1W-HIWA - 010  0.809(10)  1.98(2) 2.742(3) 157(4)
O1W-H1WB - 0127 0.815(10) 2.005(15) 2.800(3) 165(4)
$ . .2, N /(% i n} 2 O2W_H2WA - O4  0.816(10)  1.852(13)  2.663(3) 172(6)
N1 c - o N &5 >
HHO”V N L —'Lﬁ\\& \/‘t%:& X %Q\ E& ﬁ O2W—H2WB - 06" 0.817(10) 1.927(12) 2.739(3) 173(6)
o & /
b C16-H16E - O4W™* 0.960 2.4778 3.349(10) 150.87

Figure 2 a: The molecular structure of the compkb: An infinite
chain structure o2; c: A view of a 2D network structure formed by
the hydrogen bonds.

Compared with other similar complexes, from the &a®8, it
is found that V(IV) complexes were usually six-cooed# there
were N303 or N204 coordinate mode. The bond lengthef t
V=0 was about 1.592-1.603 A, the bond lengths of tt@ Were

Symmetry code: #1: 1-X, 1-y, 1-z; #2: 1.5-x, -0.5zy#3:1.5-
X, 1-y, z-0.5; #5: 1.5-x, 1-y, 0.5+z; #6: -0.5+x,0y5-z; #7: 1-
X, y+0.5, 0.5-z; #8: 1.5-x, y+0.5, z

3.7. Mimic catalytic bromination dynamics studies die t
vanadium complexes

As mentioned above, in the presence of bromide ajt@h,H
vanadium complexes can mimic a haloperoxidasestioeam
which vanadium complex catalyze the bromination mjaaic
substrated*® Herein, we have also researched the bromination
reaction activities of complexeis2 using phenol red as organic
substrate, which was converted to bromophenol blusmglihe
reaction. The reactive process is shown in SchemeTBe
solution of complexl was added to the standard reaction of
bromide in phosphate buffer with phenol red as @ tiar
oxidized bromine resulted in the visible color chiaug of the
solution from yellow to blue. The UV absorption spe



recorded a decrease in absorbance of the pealBatrd4n virtue
of the loss of phenol red and an increase of tlak @& 592 nm
with production of the bromophenol blue shown in g3,
showing thatl performs significant catalytic activity. The résu
of the mimic catalytic activities fd2 are similar to that of.

A0 SN2
Br

| <o <o

OOH KBr, V Complex | OH
H0,
Br
Br Br
OH OH

Scheme 2: Reactive process of the bromination mrabtr the
complexes.
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Figure 3: oxidative bromination of phenol red cgtadd by 1.
Spectral changed at 10 min intervals. The reactiixture
contained phosphate buffer (pH=5.8), KBr (0.4 md),LH,0, (1
mol- LY, phenol red (1® mol- L) and complex (2x10* mmol- LY.

In order to study the catalytic reaction processking
complex 1 as an example to execute kinetic studies of
mimicking bromination reaction. Changing the reattime and
concentration of the compléx a series of linear calibration plots
of the absorbance at 592 nm were obtained, accorting
relationship of the UV absorbance data with the chffié reaction
time.(Figure 4) Then, the catalytic reaction kinetquation
aboutdc/dt= k-cx-gy-Ggz was dealt with log into Ig(dc/dt)=Igk
+xlgc+ylgc,+zlge;. We useddA/dtdata (where A = absorbance
at 592 nm) corresponding to the concentration chaoigthe
oxidovanadium complexes, as the function of -log/dd vs.
variable of —log (wherec = concentration of complex) to obtain
a straight line (Figure 8J*® We can know the the slope (1.091)
and intercept (2.260) through the straight line.he Tslope
confirmed that the reaction order was first-ordeact®n
dependence on vanadium. On the basis of the iptense can
calculate the reaction rate constakd ©f complex 1 was
2.13x1G (mol/L)? s*. Similar plots for2 was generated in the
same way (Figure 6-7), and values of the slope laadntercept
was 1.089 and 1.974 respectively. According to similar
calculating method, The reaction rate constanfdkcomplex2
was 2.64x18(mol/L)? s™.

th

0.15

Absorbance(A)

0.1

0.05

v

t(min)
Figure 4: A series of linear calibration plots bétabsorbance at 592
nm dependence of time for different concentratibthe complext.
Condition used: pH=5.8, c(KBr)=0.4 molL c(H,0,)=1 mol-L?,
c(phenol red)=18 mol-L*. c(complex 2x1Umol-LY)= a: 10°% b:
2x10% c: 3x10°%; d: 4x10°; e: 5x10°.
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Figure 5: —log (dc/dt) dependence of —logc fom DMF-H,O at
é%OiO.QC
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Figure 6: A series of linear calibration plots bétabsorbance at 592
nm dependence of time for different concentratibthe complex2.
Condition used: pH= 5.8, c(KBr)= 0.4 mol*Lc(H,0,)= 1 mol-L?,
c(phenol red)= 10 mol- L. c(complex 4x18mol-LY)= a: 2x10; b:
4x10° c: 6x10° d: 8x1C° e: 10°



¥ =1.0897x + 1.9748
R*=10.9888

-log(de/dt)

as 4 42 44 4.6 48
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Figure 7: —log (dc/dt) dependence of —logc fom DMF-H,O at
30+0.5C

Vanadium complexes played an important role in #talgtic
reaction. For further research, we proposed a cyadialytic
brominated reaction mechanism based on a large ewmob
experimental results. (Figure 8) The tetravaleanadium

complex was easily oxidized to form an oxidovanadium

intermediate by kD, as an oxidation regent. Bwas oxidized
rapidly by the oxidovanadium intermediate, whiletla® same
time X* (X’=HOBI/Br/Br; mixture) was formed with the losing

of OH, in which (X)) further brominated oxidized phenol red

into bromophenol blue. Although the details of thechanism
still need more experimental proof, the study opliaation of
the vanadium complex has a great prospect.

Figure 8: The catalytic brominated reaction meckmnifor /')
complex.

o—
o L \v L,
w1 i 1 ML 0,)‘
o 0/—\0 x
o 0—o0 o
II o \/ Br +H X II
L—V—1»L, 22 L—V—L +  L—V—iL,
| 0,0 H I
OH, -OH i
ArH
V(V)
ArBr + H"
X Brr X' = HOBr/Br, /Bry mixture

Table 4 Kinetic data for the complexes in DMREH at
30+0.5C

Complex m b k(mol ) ?s™
1 1.091 2.260 2.13xT0
2 1.089 1.974 2.64xT0

Conditions used: c(phosphate buffer) =50 mmd)-pH =5.8, c(KBr)
=0.4 mol- L}, c(phenol red) =Itmol-LY. “x" is the reaction order
of the vanadium complex;d” is the intercept of the line; K’ is the
reaction rate constant for the vanadium complex

Above the experimental results showed that (i) treetien
orders of the vanadium complexes in the brominataction are
all close to 1, confirming appreciatively the fimsder
dependence on vanadium; (ii) the reaction rate teoiss of the
two complexes is2>1 (Table 4). Different ligand lead to
different catalytic reaction activity of the vanani complexes.

Hydrogen peroxide play an important role in ourlyddie,
industry, pharmaceutical production and clinical ysb,
especially in catalytic reactiofi’> Based on the view, we have
studied the dependence of,®§ concentration upon the
bromination catalytic reaction to create a newDHdetection
method. As shown in the experiment results, the atkd
reaction catalyzed by the vanadium complexes igO,H
concentration-dependent, and the absorbance anf9@resents
a linear dependence on the concentration &¥,Hlong with the
formation of bromophenol blue.

A series of lines dependent on ¢@d) at 5 min intervals
(among 20-45 min) were plotted fdr (Figure 9). In the
detection of hydrogen peroxide, we need to ensoceracy of
the detection and the time as short as possiblee R of the
lines with different reaction time was calculateds,[R=0.987,
Rosmir=0.9415 ,  Rgomi=0.9531 ,  Rasmn=0.9576 ,
Raomir=0.965 Ry5min=0.9709. To get best linear relationship
and shortest time, we chosen 20 min as the reatitimnfor the
detection of HO..

12
45min

10 b
40min

0.8

Jamin

30min

Absorbsnce (A)

04|

25min

0z 20min

0.0

1.2 1.4 1.6 1.8 2.0 22 24
C (mollL)

Figure 9: The relationship between the amount aftgen peroxide
and the absorbance of the reaction with differemet Condition
used: pH=5.8, c(KBr)=0.4 moll, c(complex)=4x1§ mol.L?,
c(phenol red)=18 mol- L%, V(H,0,)= 1.3, 1.5, 1.7, 1.9, 2.1, 2.3 mL,
c(H,0,)=1.273, 1.47, 1.665, 1.86, 2.057, 2.253 mol- L

02 r
018 |

016 F y=0.1364x - 0.1403

R*=0.9871

Absorbance(A)

0.9 1.1 1.3 1.5 1.7 19 2.1 2.3 2.5
¢ (mol/L)

Figure 10: The linear relationship between the amaid hydrogen
peroxide and the absorbance of the reaction of tmrip Condition
used: pH= 5.8, c(KBr)= 0.4 mol. c(complex)= 4x18 mol-L?,

In complex1 and 2, the complex with coordinated water has c(phenol red)= 1 mol- L%, V(H,0,)= 1.3, 1.5,1.7, 1.9, 2.1, 2.3 mL,

higher Catalytic aCtiVity, such & attributed to low bond energy C(HZOZ): 1.273. 1.47. 1.665. 1.86. 2.057. 2.253 m6]|_
of the V-Qu0 and easy dissociation of water, resulting in easier

formation of the intermediate. These results shboat tthe
catalytic activity of the complexes may have greatnection
with their structural characterization.

3.8. The effect of the concentration g5 on bromination

From Figure 10, every line denotes a linear refedtiip

between the amount of hydrogen peroxide and therladasoe of
the reaction system at given time with complexas catalyzer.



According to the same method, and the linear dagbsbrbance
dependence of c@®,) from other complex is also obtained
(Figure S9). The detection limit value of the cenication HO,

is estimated to be 1.019 mol/L farand 1.098 mol/L for2 by
extension of the line. All these observations fertbonfirm that
the catalytic reaction system can be used as antmtenethod
for the detection of bD..

4. Conclusion

In this work, by selecting appropriate ligands, twew
vanadium complexes have been successfully syndtesar the
first time. In order to investigate their applidif, we tested the
bromination reaction activities with phenol red aggamic
substrate in the presence of4, KBr, and a phosphate buffer

solution to explore the model oxovanadium complexes

mimicking the active center of VHPO and the furtherdsgtthe

H,O, detection system which is simple and sensitive. WNk

investigate deeply the application of the vanadaomplexes as
catalysts in the future.
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