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ABSTRACT

Two new complexes of bismuth nitrate with phthatie (Hphth) were synthesized by liquid state reactiore Th
complexes were characterized by chemical and el@hanalyses, Fourier transformed infrared spectiaray
powder diffraction and thermgravimetry analysisTheir compositions are Bi(phth)(N4H,O and
Bi(phth)(L-cysysH.O (L-H,cys = L-cystine), respectively. The crystal stroetwf the complexes belongs to
monoclinic system with lattice parameters of a §7B2 nm, b = 2.2169 nm, ¢ = 1.0306 nm ghe 95.68° for
Bi(phth)(NQ)-4H,0; and a = 1.4183 nm, b = 2.2633 nm, ¢ = 1.3753amd § = 96.49° for Bi(phth)(L-cys)H.O,
respectively. IR spectra indicate that the bismllithion in the two complexes is six-coordinated thg carboxyl
oxygen atoms from the ligands and oxygen atoms fndrate ion, respectively. The thermal decompositi
processes of the complexes under nitrogen incletigdfation and pyrolysis of the ligands, and tmalfresidue at
about 480 °C is bismuthous oxide.
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INTRODUCTION

As we know, the main group elements do not easitynfcomplexes with organic ligands because of trezial
properties. But the complexes of the main groupafmeins, such as bismuth ion, can possess a cdrigliogic
function. The coordination chemistry of bismuthcigrrently causing particular interest as a restilit myriad
applications in medicine and biochemistry cataly&sroelectrics, superconductors, and many othéteobased
materials [1-5]. The fifth main group metal compdarnncluding inorganic and metal organic complexage been
studied for decades thanks to the interesting rakditysical properties and material functions [6H8 contrast to
the comprehensive database of other stable elenertse periodic table, bismuth has possibly thastewell
established data bank, although bismuth has loag heed in medicine. The complexes of bismuth héslegical
functions, such as sterilization, antibacteriahéist anticancer, and so forth [9-14].

Chemical scholars are concentrating much atterdioithe synthesis and identification of new bismeamplexes

that are suitable for these applications [15]. Bifmcompounds have been widely used in the cliatabse of their
higher effectiveness and lower toxicity in the treant of a kind of microbial infections, includisgphilis, diarrhea,
gastritis and colitis [16-18]. The research of higiminteractions with potential targeting biomolkssy including

peptides, proteins and enzymes, will bring aboutragterstanding of the mechanism of action of bisruantaining

complexes and in turn to the further applicatiotrismuth in medicine [19, 20].

We have a great interest in the coordination chieynef bismuth, and demonstrate that polycarboxfianeworks
are able to accommodate bismuth [21-24]. The invegsalts of bismuth are very easily hydrolyzedhie aqueous
solution. The aqueous solution reaction prepardtosome complexes of bismuth is very difficuls[26]. In this
paper, we report the syntheses and characterizaftitve two ternary bismuth(lll) complexes of pHtbacid.
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EXPERIMENTAL SECTION

Materials and physical measurements

In addition toL-cystine [-H,cys) was biochemical reagent, other chemicals irséte experiments were analytical
reagents as received from commercial sources atibuti further purificationL-cystine and manna sugar were
purchased from Sinopharm Chemical Reagent Co.,, ludhile phthalic acid (kphth), lithium hydroxide
(LIOH-H,0O) and bismuth nitrate [Bi(N£s-5H,0] were received from Chengdu Kelong Chemical Retge
Company.

The contents of carbon, hydrogen, nitrogen, sudfiad oxygen in the complexes were determined byoVati
CUBE elemental analyzer for Germany Elemental Asialy\System Company. The content of bismuth in the
complexes was determined by EDTA complexometri@attiin. The X-ray powder diffraction patterns ofeth
complexes were recorded by a D/max-1l X-ray diffcaxeter in the diffraction angle range of 3°-8Q3nfr Japan
Science Corporation, CH,, radiation { = 0.154056 nm), Ni filter, scanning rate was 8j(2nin* at room
temperature. The Infrared spectra of the complexeks phthalic acid were measured by a Nicolet 5760riEr
transform infrared spectrometer from America ugintassium bromide pellets in the region of 4000-&®d. The
thermogravimetric analyses for the complexes werdopmed by a TA Q500 thermal analyzer in dry o at a
heating rate of 10 °C mih

Synthesis of phthalate lithium

Phthalic acid (10 mmol, 1.66 g) and lithium hydii(20 mmol, 0.84 g) were weighed and mixed in agse
solution. The mixture was stirred for 4 h at ro@mperature. The solvent was evaporated by theyretaaporator,
and the resultant was filtrated and dried aboub 2#the vacuum drying oven at 40 °C. Lastly, tHetevpowder of
phthalate lithium (Liphth) was obtained.

Synthesis of complex Bi(phth)(NQ)- 4H,0

2 mmol (0.97 g) bismuth nitrate [Bi(Nf3- 5H,0] and 2 mmol (0.36 g) manna sugar were placed iagate mortar
and pestle to a pasty. Then the mixture was dissloin 40 mL deionized water, and the colorless taadsparent
solution was obtained. Afterwards 20 mL aqueoustgni of Lipphth (2.0 mmol, 0.36 g) was added to the above
solution, the mixed solution was continuously stiriat room temperature for 5 h. Finally, the resulivas filtered

by vacuum and dried in a vacuum drying oven at@G@ct 24 h. The resultant of white powder was aiedj and
the yield was about 85%.

Synthesis of complex Bi(phth)(-cys)k s H,O

2 mmol (0.97 g) bismuth nitrate and 2 mmol (0.36y@nna sugar were placed in an agate mortar aritk pesa
pasty, then the mixture was dissolved in 40 mL wigied water, and became the colorless and transpsoéution.
Afterwards the 20 mL aqueous solution of phthatig2 mmol, 0.33 g)lL-cystine (1 mmol, 0.24 g) and lithium
hydroxide (6 mmol, 0.25 g) was added to the abmbatisn, the mixed solution was continuously st room
temperature for 5 h. Finally, the resultant wateféd by vacuum and dried in a vacuum drying ouet0efC for 24
h. The resultant of white powder was obtained, thrdyield was about 78%.

RESULTS AND DISCUSSION

The composition of the complexes

The elemental analyses results of the complexefiséee in Table 1. The composition formulae of twmplexes
are BiGH1,0.1N (M, = 507.16) and BiGH{;O,NS (M, = 510.24), respectively. The calculated resultamafss
fraction of each element in the complexes are woge to the experimental ones. Therefore, combini¢ial the
results of the infrared spectra and the thermallyaisa the molecular formulae of the complexes is
Bi(phth)(NGs)- 4H,0 and Bi(phth)i(-cys) s H.O, respectively.

Table 1 Elemental analyses results of the complex@3alculated values are in brackets)

Complex Formula w(Bi)(%) W(C)(%) w(H)(%) W(N)(%) w(S)(%) w(0)(%)
Bi(phth)(NGy)- 4H,0 BiCsH1:0uN 4155 (41.21) 19.11 (18.95) 2.31(2.38) 2.49€R.7 - 34.22 (34.70)
Bi(phth)(L-cysh:H,O BiCiHuO;NS  40.56 (40.96) 26.01 (25.89) 2.23(2.17) 2.84 (2.74.39 (6.28) 21.97 (21.95)

X-ray powder diffraction analysis

Figs. 1 and 2 depict the XRD patterns of the comgseBi(phth)(NQ)-4H,0 and Bi(phth)(-cysh s H,O. It is seen
that the complexes of Bi(phth)(N)24H,0O at & = 8.02°, 25.92° and 16.03°, and Bi(phthiyshs H,O at & =
28.51°, 11.68° and 27.79°, respectively, produeetlinee strong peaks, while the three strong peflte reactants
of Bi(NOj3)3: 5H,0 (JCPDS card no. 12-0148) &t 2 16.14°, 15.62° and 10.71°, and phthalic acidP@S card no.
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13-0823) at 2 = 15.45°, 27.08° and 22.32°, aheH,cys (JCPDS card no. 23-1663) a& 2 28.50°, 18.84° and
28.00° disappear in the complexes. The diffractiagle (2), spacing @) and diffractive intensity of the products
are different from the reactive materials, whichynexplain that the above two products are not stnmixing of
the reactants, but the formation of new compounds.
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Fig. 1 XRD pattern of the complex Bi(phth)(NQ)- 4H,O Fig. 2 XRD pattern of the complex Bi(phth)(-cys) s H.O

Table 2 Experimental data and calculated results fopowder X-ray diffraction pattern of the complex of Bi(phth)(NO 3)- 4H,0
(monoclinic: a=1.0792 nmp = 2.2169 nmgc = 1.0306 nm angf = 95.68°)

200) h Kk 1| dgim) du(m) g [ 20°) h K T Gom) de(nm) i,
802 1 0 0 10737 10739 1000 2592 3 1 -1 0.3430.3446 21.9
862 0 0 1 10252 1.0255 714 2663 1 6 -1 03345.334D 42

1174 0 2 1 07530 0.7528 506 2796 2 3 2 03189319 83

1200 1 1 -1 07368  0.7369 715 2954 2 0 -3 0.302D.3022 13.1

1450 1 3 0 06103 0.6088 61 3348 1 5 -3 0.2674.26W 338

1603 0 4 0 05526 05542 213 3382 1 7 -2 0.2648.2646 46

1840 1 0 -2 04817 0.4816 5[7 3456 4 2 -1 0.2598.2589 2.2

2268 2 0 -2 03917 0.3907 147 3484 3 6 0.2573.251 9.0

2412 2 2 -2 03687 03684 153 3502 0 O 4 0.2560.2564 3.6

2453 1 4 -2 03627 0.3635 60 4093 4 5 1 022032202 36

2563 1 4 2 03474 03474 6l4 4108 1 9 -2 02195219 59

Table 3 Experimental data and calculated results fopowder X-ray diffraction pattern of the complex of Bi(phth)(L-cys) s H.O
(monoclinic: a=1.4183 nmp = 2.2633 nmgc = 1.3753 nm ang = 96.49°)

200) h Kk | Ggm) dm(im) o | 20C) h K 1 tho(tm) dea(nm) g
623 1 0 0 14105 14092 175 2779 1 1 4 03207.3206 489
656 0 1 0 1.3665 1.3665 46)6 2851 3 5 1 0.3128.3116 100.0
985 1 2 0 0.8848 08824 175 2881 3 0 3 0.3102.3100 311

1168 1 2 -1 07657 07664 595 3081 0 6 3 0.290D.2905 5.6

1253 2 0 0 07028 07046 14{3 3117 3 3 3 028702860 165

1483 2 2 0 0591 05981 112 3169 0 8 0 0.2828.2829 8.8

1780 1 4 -1 04978 04972 67 3206 5 1 0O 0.2793.2797 9.4

1890 2 3 1 04680 04692 10/9 3278 5 2 -1 027382740 115

1968 0 5 0 04522 04527 7|1 3316 0 1 -5 027142713 14.3

2037 1 1 -3 04397 04400 3J0 3343 4 5 1 02676267 187

2306 2 4 -2 03837 03832 1600 3446 3 4 -4 025902598  11.0

2486 3 4 -1 03575 03572 466 4238 5 7 -1 021262127  30.9

2520 4 0 -1 03509 03509 147 5041 5 6 4 0.181D.1812 8.4

2552 1 6 1 03493 0349 320 5210 1 5 7 0.1755.1754 8.6

2693 3 4 -2 03314 03316 168 5561 6 8 -4 0.165D.1658 8.4

2721 2 3 3 03278 03280 27[2 5906 5 8 -6 0.1560.1565 9.9

Getting the index calculation of XRD data base lom tomputer program of least squares method [24],the
results are shown in Tables 2 and 3. As is showrabiles 2 and 3, all the peaks in the powder Xdiffyaction of
the complexes can be very well indexed by a sdattite parameters according to monoclinic systand the
maximum relative deviations between the experimeauta calculated spacing are less than 0.4%. The results
show that the resultants are all single phase camg®m The crystal structures of the complexes lgelmn
monoclinic system with crystal cell parametersaef 1.0792 nmb = 2.2169 nmg¢ = 1.0306 nm ang@ = 95.68° for
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Bi(phth)(NG;)- 4H,0, anda = 1.4183 nmb = 2.2633 nm¢ = 1.3753 nm ang@ = 96.49° for Bi(phth)(-cys) s H,O,
respectively.

Infrared spectra

The IR spectra of the complexes are compared Wiket of free ligand in order to determine the cimatibn sites
that may involved in chelation. The IR spectratef tigand and the complexes are shown in Fig. & [Rhspectra
of Bi(phth)(NO;)-4H,0 and Bi(phth)(-cys)s H,O show that the broad strong absorption band a9 248" or
3442 cm' is due to the(O-H) of water molecules, absorption band at 30%9" ¢s due tov(N—H)of L-cystine,
respectively. The absorption peak at 1628"car 1624 crt is assigned to the deformation vibration of water
molecules [15]. The stretching vibration peaks.giCOO) andv{(COQ) are observed at 1688 chand 1406 ciit

for free phthalic acid ligand. The strong absonmptlmand at 1546 crhis assigned to the asymmetric stretching
vibration of carboxylic groups while the absorptiband at 1394 crh corresponds to the symmetric stretching
vibration of carboxylic groups for IR spectra of(#ith)(NG)-4H,0. Usually, the difference valuay) between
vodCOQ) and v, (COQ) in the IR spectra can be used to derive inforomatiegarding the bonding modes of
carboxylic anions. Namely, the\v of 152 cm' indicates that the carboxylic groups in the comple
Bi(phth)(NG;)- 4H,0 exhibit bidentate bridge type coordination mo@#&]] The free nitrate radical belongs g,
symmetry group. Many vibration modes in the molecwith D3, symmetry are infrared active. When the oxygen
atoms of nitrate radical are coordinated to theaimigins, its symmetry group is changed fr@y, to C,,. The
vibration bands at 1504, 1094, 767 and 706'care attributed to the characteristic absorptioakpeof the
coordinated N@. The characteristic vibration bandat 700 cm’ is split into two absorption peaks of 767 and
706 cm, and the difference value is 61 ¢mthe difference range of 66—25 ¢nshows bidentate coordinated
nitrate. The new bands at 585 and 473*are found in the infrared spectrum of the compdexehich are assigned
to the stretching vibration peaks of the Bi—-O bowdisch are formed with the nitrate-O and carboygd@t atoms,
respectively. Therefore, it is concluded that plateabehaves as bidentate mode and binds to theutkisions
through the nitrate oxygen atoms and carboxylatggem atoms in the deprotonated carboxyl groups. [2fig
infrared spectrum of the complex Bi(phth)ys) s H,O exhibits salient features at 1582 and 138" cwhich are
assigned to thev,{COO) and v{COQ) stretching vibration peaks of the coordinated boayl groups
(AV[vd{COO)—v(COO)] = 198 cm?), it indicates that the oxygen atoms of the caybam the compound is
directly linked with the bismuth ion and the presemf carboxylate groups coordinate to bismuthifobidentate
bridge type coordination mode [28-30]. The mediurorgy bands at 569 and 462 Crare attributed to the Bi—O
bond stretching vibration peaks.

Bi(phth)L-Cys), .- 2H,0

Bi(phthXNO,) - 4H,0

H,phth

3500 3000 2500 2000 1500 1000 500
v(em?)
Fig. 3 Infrared spectra of the ligand and the compxes

Thermal decomposition process

The TG-DTG curves are made in order to verify thads and composition of complexes [31]. The thestatbility

of the complexes were examined representativelyhésmaogravemetric analysis (TG) in nitrogen atrhese from
room temperature to 500 °C at a heating rate ofQ@nin . The results are shown in Figs. 4 and 5, the dhta
possible thermal decomposition processes are listd@ble 4. The TG curve of the two complexes ldigghree
main steps of mass loss. Fig. 4 shaths, first mass loss of 14.08% in TG curve occuttsvben 50 °C and 190 °C
in the complex Bi(phth)(N¢)-4H,0, corresponding to the loss of four water molesuléhe theoretical mass loss
(14.21%) of water molecules is much closed to expantal mass loss. The second mass loss of thelegrfipm
190-290 °C is observazh 10.72%, and it is due to the elimination of rigreadical that decomposed into Nénhd
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O, from the complex, the experimental mass lossdsecto the calculated one (10.65%). Upon furthetihg, the
mass loss of 29.14% in TG curve corresponds toatixid and decomposition of the phthalate ligandc(dated
29.20%). The mass loss remains constant gatil60 °C, and the final residue is only bismuthougle, and the
experimental result (46.06%) is in agreement with tesult of theoretical calculation (45.94%). Tehessults
further ascertain that the complex is composedifih)(NGs)- 4H,0.

1.0 2.C
10 100y 3.44% -
] 14.08% 0.8 1.6
901 \ ’ 90 21.38% |
~ 801 183C 10.72% -0.62 2
S 3
£ S
=y O
(3] -
= 0.4
r0.2
40 : . : : 00 : . : :
100 200 300 400 500 100 200 300 400 500
TemperatureéC) Temperature()
Fig. 4 TG-DTG curves of Bi(phth)(NG)-4H,0O Fig. 5 TG-DTG curves of Bi(phth){-cys) s H.O

Fig. 5 shows that one water molecule is lost wheatihg the compound from 40 °C to 170 °C. This aot® for
3.44% mass loss observes in TG curve. The thealetiass loss (3.53%) of water molecule is muchedds the
experimental mass loss. The second mass loss athelex Bi(phth)(-cys) s H,O occurs between 170 °C and
230 °C. It is due to the elimination bfcystineanion ligand. The experimental mass loss of 21.88#tose to the
calculated one (21.78%). Upon further heating,dbmplex is decomposed completely uetll 480 °C, the mass
loss of 30.57% in TG curve corresponds to oxidaéind decomposition of the phthalate ligand (cated@9.03%).
The final residue is bismuthous oxide, and the erpmtal result (44.61%) is in agreement with tlesuft of
theoretical calculation (45.66%). These resultthier ascertain the complex is composed of Bi(phtlk)s) s H,O.

Table 4 Thermal decomposition data of the complexeBi(phth)(NO3)-4H,0 and Bi(phth)(L-cys).s H.O

Mass loss (%)

Reaction Peak Temm DTG (°C)

rnexp Mheo
Bi(phth)(NGs)- 4H,O
| —4H,0 183 14.08 14.21
Bi(phth)(NGy)
1 =NO;,, -0.25Q 286 10.72 10.65
0.5Bix(phth)O
| —CsH4(COXO 446 29.14 29.20
0.5Bi,05 46.06 4594
Bi(phth)(L-cysh.s H.O
| —H.0 185 3.44 3.53
Bi(phth)(L-cyshs
| —0.5[SCHCH(NH,)CQOL,0 249 21.38 21.78
0.5Bix(phth)O
1 —CsH4(CO)X0 463 30.57 29.03
0.5Bi,0; 44.6F 45.66

2 The experimental mass% of the residue in the safiple calculated mass% of the residue in the sample
CONCLUSION

Two ternary complexes of bismuth(lll) were syntkesi with bismuth nitrate, phthalic acid abeystine as main
raw materials by liquid reaction at room temperaturhe composition of complexes was determineditbation

analysis and elemental analyses, and the strusfur@mplexes was characterized by XRD, FTIR andOT&. The

crystal structures of the two complexes belong émaclinic system, and the lattice parametersare1.0792 nm,
b =2.2169 nmgc = 1.0306 nm ang = 95.68° for Bi(phth)(N@-4H,0O, anda = 1.4183 nmp = 2.2633 nmg =

1.3753 nm ang = 96.49° for Bi(phth)(-cys) s H,O, respectively. The results demonstrate that #ébaxy group
oxygen atoms of phthalate ahetystine and the oxygen atoms from nitrate are dioated directly to bismuth(lIl)
ion in the two complexes. The complexes are decasghinto BjO; at about 480 °C.
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