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VIBRATIONAL SPECTRA AND NORMAL COORDINATE ANALYSIS FOR (S-
GLUTATHIONATO) (2,2°:6’,2”-TERPYRIDINE) PLATINUM(II) CHLORIDE,

[PT(TRPY)GS]CL
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Nanjing, 210093, People’s Republic of China

ABSTRACT
The normal coordinate analysis of (Pt(trpy)GS]Cl (where trpy=2,2":6",2"terpyridine, GS=
Glutathionato) has been carried out by using Urey-Bradley force field. According to the molecular
structure, 222 internal coordinates were established and 162 theoretical vibrational frequencies agree
well with the observed values with the average difference 3.44 cm™ and the maximum deviation 15.1

cm™.

*Author to whom correspondence should be addressed.
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INTRODUCTION

Study of platinum (II) complexes with biological important molecules is of considerable interest
because of its carcinostatic effect and toxic side-effect "1, Platinum (II) is a ‘soft’ metal that will be
suitable for formation of stable complexes with sulfur-containing amino acids, peptides and proteins.
The general idea accepted is that the nephrotoxicity caused by Pt (II) complexes is associated with
interaction of it with sulfur-containing peptides and proteins. The interaction of glutathione(GSH)
with Pt (II) complexes is of interest, because GSH is the most abundant non-protein thiol in cell.
Recently, [Pt(trpy)GS]Cl (trpy=terpyridine) was synthesized and its conformation was studied by
COSEY and NOSEY 'H NMR spectra. In this article, we carried out the vibration study for this
complex. The normal coordinate analysis (NCA) was made by using a modified Urey-Bradldey force
field for the first time, inspite of its large number of atoms and low symmetry. The calculations were

refined on the basis of the IR, Raman and FIR spectra.

EXPERIMENTAL

The title compounds [Pt(trpy)GS]C! was synthesized as described in reference!®!. Its molecular
mass was measured by an LCQ electrospray mass spectrometer (ESMS, Finnigan) to be 733 with
isotopic peeks separated by 1.0m/z unit; calculated value for {Pt(trpy)GS]” is 733. Infrared and far-
infrared spectra were obtained on Nicolet Fourier transform IR 170-SX spectrometer at room
temperature. The KBr pellet technique was used for IR in the 400 ~ 4000 cm™ region as shown in
FIG.1, and Nujol mulls technique with polyethylene plates was used for FIR in the 100 ~ 500 cm™
region, as shown in FIG.2. The FIG.3 shows the Raman spectroscopy in the region 400 ~ 4000 cm',
which was measured on Spex Raman spectrometer mode! 1403. The excitation line of the Ar” laser is

4880A with an output power of 100mw. The sample was pressed as a disk in a stainless steel cell.

NORMAL COORDINATE ANALYSIS
Since the single crystal of [Pt(trpy)GS|C! has not been obtained yet, we optimized the

conformation of {Pt(trpy)GS]" by MM" program of molecular mechanics force field in Hyperchem.
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FIG. 1. The IR spectrum of [Pt(trpy)GS]CL.
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FIG. 2. The far-IR spectrum of [Pt(trpy)GS]CL
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FIG. 3. The Raman spectrum of [Pt{trpy)GS]CI.

The initial structural parameters of GS fragment were set up using data-base in Hyperchem. The
structure parameters of Pt(trpy) fragment were taken from [{Pt(trpy)}zCan](ClO,)g-S.SHZOm, and
were fixed during optimizing. The optimized bond lengths and bond angles are given in TABLEL.
The FIG.4 shows the molecular structure of the title complex. As shown in FIG.4, the molecular has
C, point group symmetry. The Pt (II) is coordinated by sulphur atom and trpy nearly in a plane. The
GS fragment erects up the plane. There is hydrogen bond between the hydrogen atom on Ns and atom
Og as well as O,, the distance are 3.13A and 2.57A; The angles of Ns—H --- O, and Ns—H --- Og are
160.6° and 101.2° respectively. The optimized molecular conformation is very similar to that obtained
by '"H NMR 1.,

The calculation was performed on EC-486 PC using CART, GMAT and FPERT programs
provided by National Research Council of Canadal”’, 222 internal coordinates were used as shown in
Fig.5, 69 of which were attributed to stretching (), 121 to bending (&), 20 to wagging out of plane (@)
and 12 to twisting (7). The number of internal coordinates exceeded that of normal vibrations and
redundant symmetry coordinates were eliminated during normalization by the GMAT program!’!, A

modified Urey-Bradley force field was used in the calculation.
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TABLE 1. Structural Parameters for [Pt(trpy)GS]*
Atoms Distance () Atoms Angle (deg) Atoms Angle (deg )

Pt - N, 2.129 N ~Pt-N, 79.0 Cs—N;-Cyo 125.5
Pt - N, 1.964 N, -Pt-N, 84.0 C-C-GC 120.0
Pt—-S 2.320 N, -Pt-S§ 100.9 C;-Cs—N, 123.5
N, - C 1.296 N;—Pt-§ 96.2 Cy—Cip—N, 1104
C -C; 1.351 Ci-N-Pt 128.8 Cis—S-Pt 95.6
C-G; 1.445 Cis—N;-Pt 127.8 Ci1-Cis-S 113.7
C3—~Cs 1.383 N -C~-C 123.2 Cis=Ci7 =Ny 111.7
Cq—Cs 1.379 N3 - Cy5 - Cia 121.1 Ny - Cy7-Cxs 110.6
Cs — Ny 1.382 C,-C-C; 120.7 Cis—Ci7-Cp 109.0
Cs — Cs 1.487 Cis— Citu—Ci3 120.2 C7-Cy5 -0, 117.6
Cs-N, 1293 |C,-C3-C, 113.9 Ci7—Cn-Ns 1213
Cs—C; 1.132 Clu-Ci3-Cp2 119.1 Ng— Cp3 - Oy 120.1
C;-Cs 1.347 C;—C4—-Cs 1223 Cy3—Ng—Cy¢ 123.0
S — Cis 1.795 Cis—-Ci2-Cy 121.0 Ng — Ca4 — Cas 1103
Cis—Ci7 1.552 Ci—Cs— Ny 119.4 Cu—Cys—0Os 119.0
Ci7— Ny 1.458 Cis—~N; - Pt 119.0 Ca—Cys— Og 119.1
N, - Cys 1.417 C,—-Ny—-Cs 118.4 Qs — Cos — O 118.1
Cis—0s 1.394 Cis—N;-Cy; 119.2 Ci7—N(—-Cyjs 121.5
Cis~Cio 1.509 Ca~Cs5—Cs 125.6 Ng—Ciz— 05 120.6
Cio—Cy 2.163 Ciz2—Ci - Cio 124.9 Ny— Cis—Cyo 120.1
C-Cy 1.564 Cs -~ N, —-Pt 112.0 Cis—Cizg -0y 119.2
Ca — Ns 1.518 Cn—-N;-Pt 112.9 Cis-Ci9—Cx 1123
Cy -Cn 1.525 N, - Cs - Cs 112.7 Cio—C-Cy 1142
Cn-0 1.394 N3 - Cpy — Cio 1157 Cp—-Cau - Ns 111.4
Cn-0, 1.393 Cs-Cs—~-Cy 115.0 Cp-Cy-Cxn 109.9
Ci1~Cxp 1.515 Cn~Cio-GCs 136.6 Cr—Cy - Ns 113.2
Cy;3 -0y 1.394 Cs-Cs~ N, 116.2 Cu-Cn-0 1194
Cxn—-Ng 1.419 Cn—Cio— N, 112.3 Ca-Cn-0, 119.3
N6 — Cas 1455 |Cs-N,-Pt 119.1 0, -C2-0; 116.7
Ca—Cys 1.505 Cio— N, - Pt 115.0

Cys - Os 1.392 Cs—Cr—Cs 1183

Cys — Og 1.393 Cio—=Co—Cq 118.7
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FIG. 4. The molecular structure of [Pt(trpy)GS]CL

The initial values of the force constants were collected and transferred from related molecular!'®
'2131 ‘and refined in accordance with the position of bonds in the IR, Raman and FIR spectra, The
final values of force constants are shown in TABLE 3. The observed and the calculated frequencies
together with the percentages of potential energy distribution ( PED ) are presented in TABLE 3. The
assignment of frequencies in TABLE 3 considers predominant contribution of the internal coordinates.
The calculated fundamentals agree well with the observed ones. The average deviation of the
calculated frequencies from the observed ones is about 3.44 cm’, and the maximum deviation is 15.1

cm’?

DISCUSSION

As shown in TABLE 3, the frequencies above 2800cm™ are dominated by a single vibratinal
mode ( its contribution to PED is higher than 90% ), while the frequencies-in the region 2800~600cm™

are attributed to coupling of several vibrational modes.
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TABLE 2. Force Constants for [Pt(trpy)GS]”

Symbol* Coordinates involved Value | Symbol Coordinates involved Value
Ki |Pt-N 1971 | Hy [LCNC(trpy) 0.990
K: Ni1-C(,N3-Cys 6.073 | Hy |£PtN;iCs, £ZPtN2Cpy 0.851
Ki |Ci-C;,Cis-Cis 6.062 | Hip [£PtN2Cs, ZPtN2Cyo 0.394
Ki |C2-C3,Cli~Ci3,Cy=-Cq, 6.041 | Hy [£LPtNIC,, ZPtN3Cys 0.297

Ci3—Ci2,C71-Cq,Co~Cs Hia [/N1PtN;, ZN;Pt N, 0.202
Ks |Ce~Cs,Cs-Cr, 6.023 | Hw [£NiPtS, ZN;PtS 0.152
Cio—Co,Cu—Cn2 Hxn |<£N:PtS 0.051
Ks |Ni1-Cs,N3-Cyy, 6.171 | Hi [£NsPtS 0.051
N; - Cz,N2-Cyy Hu |ZCCH, ZNCH, ZSCH(GS) 0.443
K; [|Cs-Cs,Cio-Cn 6011 Hss [ZCNH(GS) 0.335
Ke |C-H(tpy) 5106 | Hy |£HCH(GS) 0.532
Ky |Pt-S 1811 | Hy |ZHNH(GS) 0.601
Kio [Cis—H,Cpn-H 4648 | Hy [£CCC,ZNCC, £SCC(GS) 0.302
Ki |C-H(GS) 4705 [ Hy [£CSPt 0.467
Kiz [N-H(GS) 6.014 ZCy9Ci2 03, £C17Ci30a,
Kis |Cis~Ci7,Ci9~Ca,Cr-Cu 3853 | Heo [£C2C2n0n, £C24Cys0s 1.242
Kia |[Ci7-Cxn,Cis-Cy, 3.627| Ha |£CNC(GS) 1.090.
Cun - Ca2,Cau-Cas Ha [£CnCnOr, £C2uCasOs 1.091
Kis |Cu—~Ns,Ci7—Na, Ca - Ng 4525 | Hg |ZOCO(GS) 1.281
Kis |Cn-01,Cis-0s 7644 | Hu |£NCO(GS) 1.670
Ki7 [Cie-03,Ca- 04 7.302 | His [£Ci1sCisNy, £C11CisNs 1.102
Kig [Ca-0O,Ca—0s 7111 | W |£H-CC-C, ZH-CC-N(upy) |0.308
Kip |Cis—Ni,Cnn-Ng 4219 [ Wa {£S-PN;-N,; 0.112
Ko |Cis-S 2850 | Ta |£CC-C-C (tmpy) 0.161
Hu |<CCH(tpy) 0451 Te |ZNC-C-C (upy) 0472
Hp |£CCiNy, £C1CisCiy, £C1C2Cy[ 1.062 1 T |£C20Cn~C22—01, £C20Ci9~C15-0s{ 0.109
£Ci5C1aCi3, £C2C3Cy , LC3CiCss £CisC1—C23-04, £NgCar—Cas-0s
ZCsC1Cq, LC7CsCy, LCgCyCho Tsi [£CnCirCi6-S, £C19C20-C21—Cn2 0.191
ZCnCnCi, £CnCisCia Tss [£03CieNeCi7, £04Ca3-Ng—Cy4 | 0.132
Hi AN CsCa, LN3CChp, £N2C6Cq ) 1.159 T |£CigNe-Ci7~Cig, ZC13Ng—Car—Cas| 0.121
LN C Cy Tss |£Ci5Cig~Ca0-Car 0.120
Ha  [£CaCsCs, £C12CiiCro, £CsCeCr| 1632 | Tss |£C2Cu~Ns-H 0.091
£C5CiCui
Has  |4N;CsCs, £N2CsCs, £N2C1oCyy | 1.552
£N;Ci Cio
* Notation and dimension are as follows: K, stretching force constant (mdyne per angstromy), H,

bending force constant (mdyne per angstrom); W, wagging out-of-plane force constant (mdyne per

angstrom); T, twisting force constant (mdyne per angstrom).
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The broad bands around 3300cm™ in IR spectra are assigned to the stretching vibrational modes
of NH,* and NH groups of GS. The Aromatic C-H stretching vibrational modes of trpy appear at
3060cm™ in Raman spectroscopy, which are 3~14cm’ higher than free trpy!'®). The bands in region
2890~2970cm™ are assigned to stretching vibrational modes of CH; and CH group of GS. The bands
in the region 500~1650cm™ are assigned to the scissoring, wagging, twisting and rocking vibrational
modes of NH,;", CH, group of GS, stretching, rocking and wagging vibration of COO" group, C-C,
C-N and C-S stretching, trpy ring stretching and the coupling of these vibrational modes respectively.
The above results are consisient with the empirical assignments of these vibrational modes in the
spectra of trpy complexest® '*'%1*1 GSH™ and some amino acid complexes!'> >,

The vibrations including the Pt (IT) occur below 700cm™ and the most bands are attributed to the
coupling of several vibrational modes. On the basis of predominant potential energy distribution, the
FIR active band 357cm” and Raman active band 353cm™ are assigned to Pt-S stretching vibrational
mode, which is same as or very close to [Pt(trpy)(SCH,CH,OH)]NO,3 (357em™) and
(P(trpy)(SCH,CH;)]PFs (355 cm™)'"™.

R. J. Mureinik and M.Bidani assigned the 460cm™ band to Pt-N stretching vibrational modes
and 520cm™ band to N-Pt-N asymmetric stretching vibrational modes""). In our research, the FIR
active band at 459.5cm™ is assigned to the coupling of Pt—N stretching and trpy ring stretching and
bending modes. But the percentage of Pt-N stretching modes in 459.5cm™ is very small. Its
contribution to the PED is only 3.6%, while the trpy ring stretching and bending vibrational modes to
PED are 12.0% and 20.9%.

We have tried to adjust the Pt-N force constants to reproduce the 520cm’’ band, but it reaches
an unreasonable high value because of its low contribution to PED. The Pt-N stretching mode may be
around 220+10cm™ according to its predominate contribution to PED, and this is consistent with the
assignment of Pt-N stretching mode in Pt (amp)Cl,. (where amp=2-aminomethylpyridine)!"*!

The force constants listed in TABLE 2 are same as or close to those for the corresponding

complexes of Ru(trpy),!'®, L-asparagine™™), glutamic acid'?, and acetamide!"’], these results show the
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TABLE 3. Calculated and Observed Wavenumber and Percent PED for [Pt(trpy)GS]”

IR |[Raman|Calculated|
(em™)f(em?)| (cm’) | Potential energy distribution ( % ) Band assignment
obs. obs.
33682 {99.8K; v (NH)
3319.2 33154 |99.5K; v(NH)
33020 [99.5Kn. Y (NHY")
32978 3301.9 [99.5Ki va (NH;")
32092 [99.9Ki v (NHy")
3070.6 |98.5Ks v(CH) (trpy)
3068.9 [98.7Ks v (CH) (trpy)
3068.3 |98.8Ks v(CH) (trpy)
3067.8 |98.7Ks v(CH) (trpy)
3067.1 [98.8Ke v (CH) (urpy)
3066.9 |98.8Ks v(CH) (trpy)
3065.8| 3066.0 [98.9Ks v (CH) (upy)
3065.3 99.0Ks v (CH) (trpy)
3065.2 {99.0Ks v(CH) (trpy)
3064.3 [99.1Ks v (CH) (trpy)
3064.0 |99.1Ks v (CH) (trpy)
29739 [99.4Ky, v(CH) (GS)
29724 (99.1Ky v(CH) (GS)
2950.8| 2952.3 [97.3Kyo V(CH) (GS)
2937.6 198.9Ky v(CH) (GS)
2932.8 29357 [97.6Ky v(CH) (GS)
2912.1 2917.0 [99.0K;o v(CH) (GS)
2908.7 29019 [98.4Ky, v(CH) (GS)
2893.1 29015 [99.4Ky v(CH) (GS)
2884.6 [98.4K1o v(CH) (GS)
1857.2 |8.8Ks + 19.9Ks +19.9K+ +9.6Ha v(CC) (trpy)
1841.2 |35.7K0 + 33.8Ky; + 21.3Hs v(CHy), § (CH:), v(CC) (GS)
1812.1 [24.1Ks +30.7K7 +9.0Hy v (CC) (trpy)
17911 [29.6K; + 23.0Kq + 12.5Ha +14.6Hys | v (CC) (trpy)
1739.1 {21.5K;s + 28.6K¢ +15.5Hz v (CC) (trpy)
1687.5 |37.7Ka+ 12.6Ks + 20.3Hy, v(CC), 5 (CCC) (trpy)
1669.7 [30.4K; + 36.6K4 + 18.9Hy, v(CC), 8 (CH) (trpy)
1668.6 |29.4K; + 36.5K, + 17.8Hy, v(CC), 6 (CH) (trpy)
1658.7| 1663.8 {93.8Hy & (NH3")
1649.5 1646.4 [95.2Hss 5, (NH,")
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IR |Raman|Calculated|
(em*)|(em™)| (em™) | Potential energy distribution ( % ) Band assignment
obs. | obs.
1639.3 [13.0K; +23.2K, + 24.8Hn v(CC), & (CH) (trpy)
1621.0 |48.8K s+ 36.6Kis v(CO0')
1606.7{ 1607.9 [48.3Ks+ 36.0Kus v(CO0")
1600.0 1596.6 |16.1K,+ 21.6Ks+ 41.1K¢ v{CC), (trpy)
1574.3 (103K, + 58.4Kp2 + 8.7His v(CC), v(NH) (GS)
1564.6 |61.6Ky v(C=0)
1557.5| 1559.5 [9.1K,+26.2K4 + 10.1Ks v(CC)
1537.4 |14.4K, + 12.8Ks + 24.0Ks + 17.6Hn | v(CC), 8 (CH) (trpy)
15134 1510.8 [20.5K,+ 46.9Ha v(CC), & (CH) (trpy)
1479.3] 14642 |19.3Kyu+ 19.9Kis + 15.9Kss v{CC), v(CN)(GS)
1452.5 |14.7K4+ 10.8Ks+ 10.2Ks + 50.1Hn . |v(CC), 8 (CH) (trpy)
14488 |32.3Kye + 14.7K 6 +20.8Kss V(CC), v(C=0)(GS)
1440.1 1436.6 |14.4K, + 10.2K1s+26.4K,s + 13.5Hy |v(CC), V(CN), 8 (CHy) (GS)
14337 |13.7K+ 49.8Hy v(CC), §{CH2) (GS)
1420.9 [10.1Kq+ 55.7Hx v(CC), 5 (CH) (trpy)
1413.5| 1413.9 |10.9K3+ 15.3Hss + 68.5Hy & (CHy) (GS)
14078 [9.3Ks + 8.6Ks + 56.7Hn v(CC), & (CH) (trpy)
1401.2 1396.8 ]10.2K3 + 14.5H;s + 64.3Hy & (CH:) (GS)
1374.4 |13.9K4+ 14.6Kis + 29.4Hy v(CC), v(CN), § (CHy) (GS)
13715 1370.5 |19.4Has + 67.6H 6 (CHy) (GS)
13492 [23.9K)s + 11.2K,s + 26.6Hss + 23.0Hy v (CC), v(CN), & (CHy) (GS)
1335.7[1335.6| 13362 |9.6K+ 9.0Ks+ 51.8Hy 8 (CH) (trpy)
13092 13159 |89.7Wa o (CH) (trpy)
1294.6 |11.8Ks+ 67.9Hy v(CC), 8 (CH) (trpy)
1272.1{1277.0] 1278.5 |29.5K,s+ 24.8H3s+ 10.2Hs v(CC), v (CN), § (CHy) (GS)
1227.6 |13.6Kia+ 15.4Kis + 36.6Hs v (CC), v (CN), & (CHy) (GS)
1217.5 {10.3K; + 52.2Hy & (CH) (upy)
1212.5 1217.0 [11.8Ke+ 14.1K s + 40.7Hss v(CC), v(CN), & (CHy) (GS)
1214.4 [58.6Wa +11.2Te +20.0Tso @ (CH), 7(CC) (trpy)
1199.3 |13.0K, + 55.7Hx @ (CH) (upy)
11749 1179.6 161.3Wa +27.5Ts  (CH), 7 (CC) (trpy)
1154.1 {27.8Hys + 20.8Has + 30.9Hx & (CHy), 5 (NHy") (GS)
1137.1 1139.1 |56.9Hss & (CH), (GS)
1130.0 |42.9H;s + 40.4Has & (CHy), (GS)
1121.6| 1125.6 139.4H; + 19.2Hx + 10.5Has 8 (CH), 8 (CCC) (trpy)

{cortinued)
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TABLE 3. (Continued)

IR |Raman|Calcul
(em?)|(em™ )| (em’) | Potential energy distribution ( % ) Band assignment
obs. | obs.
11174 |67.8Hy, & (CH) (trpy)
1106.0 |13.2K,+ 71.7Hy v (CC), & (CH) (trpy)
1099.7 11034 [11.7K4+ 60.5Hy + 11.4Hz, 8(CC), 8 (CH) (trpy)
1089.2 |33.0Hys + 44.1Hs & (CH2) (GS)
1079.9 |14.6Kq+47.2Hy + 16.1Hn 8 (CCC), 5 (CH) (trpy)
1065.9 1070.1 [46.9H;s + 32.4Hss & (CH:) (GS)
1057.8| 1063.2 |78.5Hss J (CHy) (GS)
1042.0 |11.4Ky+ 19.4Kq+ S1.5Hn v(CC), & (CH) (trpy)
1040.0 [10.9K; + 15.6K4+ 47.0Hy v(CC), § (CH) (trpy)
1035.8 |11.5Ks+9.8Ks +22.6Hn + 19.4Hn | v(CC), &(CH) (trpy)
1032.7 [86.3Has & (CH2) (GS)
1015.1(1020.2| 1022.9 {12.9Ks+ 12.4Ks+27.8Hy + 10.5Hn |V (CC), §(CH) (trpy)
1008.2 [23.4K,+42.8Hy v(CC), 8 (CH) (trpy)
1007.4 |95.7Has & (CH2) (GS)
996.2 |84.5H;s S (CH2)}(GS)
993.8 ]92.6His & (CHa) (GS)
970.6| 970.4 |35.6Ki+10.3Ks+9.2Ks V(CC) (trpy)
962.3 [25.4Kis + 47.2Hys S8 (CHy), v(CC)(GS)
958.4 |90.3W.; @ (CH) (trpy)
948.9 [24.0Ks + 35.0K, + 18.4Hy V(CC), & (CH) (urpy)
9422 |21.8Ks + 60.9Hss + 9.8Has & (CHy), v(CC)(GS)
932.8 |32.3K;s + 41.4Hs 6 (CHy), v(CC)(GS)
926.8 (82.TWa @ (CH) (trpy)
923.8 |14.9K; + 30.9K. +24.8W,y v(CC), @ (CH) (trpy)
894.7 892.3 {10.9K4+62.5Waq V(CC), @ (CH) (trpy)
883.3 | 884.7 [27.7K;3+ 51.0Hys + 9.0Hss J(CHa), v(CC)(GS)
855.9 |38.5K;; + 48.9Hss & (CHy), v(CC)(GS)
8258 | 828.9 |[9.3Ki+17.3Ks+17.9Ks+16.7THn  |V(CC), & (CH) (trpy)
821.7 [11.4K 5+ 36.2Hss + 10.2Ha v(CC), §(CCC)(GS)
815.7 [99.0W, @ (CH) (trpy)
812.9 [15.1Ki(+27.3Hss + 14.7Hss 8 (CHa), v(CC)(GS)
807.4 |91.7Wyq @ (CH) (trpy)
7784 776.5 |10.7Ky4 + 17.7Ky7 + 19.5K 9+ 11.0Hss | (CC), 8 (CCC), v(CN), & (CCN) (GS)
+ 11.9Haq
763.3  {38.8Kia + 17.8Kis+ 17.2Kya + 11.7H3s |V(CC), v{CO), §{CCC), §(C=0)(GS)




03:24 30 January 2011

Downl oaded At:

VIBRATIONAL SPECTRA AND COORDINATE ANALYSIS

TABLE 3. (Continued)

1807

IR |Raman Calculatedl
(em?){(em™ )| (cm™) | Potential energy distribution (% ) Band assignment

obs. | obs.
757.3 [13.9Kua + 53.4Hys v(CC), 6 (CHy) (GS)
7477 |13.5Ka + 69.0Hs J(CHy) (GS)
740.7 |97.4Waq o (CH) (trpy)
738.1 [98.TWaq @ (CH) (trpy)

7278 7219 [19.5Ks+43.7Hn v(CC), 8(CCC) (trpy)

7160 |53.2Has+ 15.6Hs J(CHy) (GS)
701.5 |10.5K, + 37.5Hzn + 9.1Ha &(CC) (trpy)
691.6 [9.1Ky4+ 17.6Ky9 + 38.6Has v(CC), v(CN), §(CHy) (GS)
686.7 157.6Kxn + 27.0H3s v(CS), §(CH:) (GS)
675.7 [40.1Hn &(CCC) (trpy)
675.1 |47.4Has + 36.9Hy J(CHy) (GS)

660.7 | 658.4 | 658.3 |10.0Hy +47.3Hn 8(CCC) (trpy)
654.6 |15.0Ky3 + 12.6Has + 45.9Hs¢ v(CC), §(CHa) (GS)
639.9 |11.3Ke+ 10.4Hy +49.0Hn v(CC), 6(CCC) (trpy)

608.4 604.1  [18.2Ky4+ 15.3Has + 19.8HLs v(CC), §(CHy),8 (CCN) (GS)
5564 [18.6Ks+ 21.1Hy+22.1Hys v(CC), §(CCC) (trpy)

5482 548.1 [24.1Kyq +29.1Hss v(CC), §(CHy) (GS)
539.8 [11.9Ku+ 15.9Has + 13.2Hy + 10.5Hu |V(CC), 8 (CHy), 5(CO07) (GS)

+12.1Hss + 12.0Hus

533.7 |14.7Ku+ 10.7Hy + 11.0Ho + 43.3H4 |V(CC), §(CO0’) (GS)

517.7 532.0° [10.0K1e+ 11.7Hss + 9.9Hy +35.1Hy | v(CC), 8(CO0) (GS)

4848 480.5 [34.9Wq+ 14.1Te +43.3Tw 8(CH), & (CC) (upy)
466.7 |32.1Wa+ 13.6Te+44.8Ts J(CH), @ (CC) (tpy)

459.5 457.7 |3.6K, + 12.0Ks + 20.9Has v (PtN), 8(CCC) (trpy)

4494 4545 |22.3Hys+ 30.9Hq + 12.3Has 8(CHy), 5(CO0) (GS)

432.1| 4426 |28.3Hys+ 30.5Hy +28.1Ho 8(CHy), 5 (CO0") (GS)

4357 [35.8Ha +36.5Ho 8(CO0)
4084 [10.6Wg+67.1Te @ (CC) (upy)

380.0 378.6 |14.8H+ 16.4Hy + 15.5Ha + 19.6Hs |8(CHy), 8(CCC), 5(CCN) (GS)

357.3 [353.1| 3598 |[6.7K,+37.5Ks+9.6Hn+9.7Ts v(PIN), 8(CCC) (trpy)
3553 63K, +12.7Ks+ 24.6Ks + 14.0Hp | v(CC), 8(CCC) (trpy)
336.9 [8.5Ki+ 82K+ 19.3Ha + 11.9Ts v(CC), 8(CCC), @ (CC) (trpy)
3312 {20.9H)s +29.0Hy 8(CHy), §(CCC), S(CCN) (GS)
3245 [26.9Hs + 24.5Hy &(CHy), 8(CCC), 5(CCN) (GS)
3193 |43.2Wg+33.7Te @ (P1S), 8 (CCC) (trpy)

(continued)
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IRRmnCalwlued]

(em®)|(em™ ) (em™) | Potential energy distribution ( % ) Band assignment
obs. | obs
308.4 (15.0Hys+31.9Hy +12.7Tg S(CHy), 5(CCC)(GS)
309.6 297.3 {8.9K, +25.8Hy + 10.0Wg + 16.9Ts |S(CCC)(GS)
294.1 | 295.3 | 2854 [22.5His+20.1Hw 5(CHy), 6 (CCC) (GS)
2792 [11.1Hy +19.7THe 5(CCC), 5(CNC) (GS)-
276.9 |47.9Te+102 Ty 8(CCC) (upy)
2715 [12.7Hg + 12.0He + 23.4T5; + 16.7T5 [5(CO0"), T(NH;5"), T(COO?)
267.0 [10.9Hy +13.1T5 8(CCC), T(CO0)(GS)
2662 |15.1Hzg + 12.1Hn + 12.7Hy 8(CCC) (urpy)
262.9 2549 |222Wa+41.6Te+ 11.5T @ (CC), T(CC)(trpy)
2483 | 2383 [11.0Hw+15.6Ts &(CHy), T(COO0')(GS)
224.5 [50.1K, + 9.6Hzn v (PN), 5(CCC) (upy)
2226 [22.5K, V(P
219.6 [13.5K, + 15.3Hy + 8.1Tss 8(CCC), T(NH,") (GS)
2174 2153 {17.5Hy + 12.4T5 + 14.8Tss 8(CO0), T(NHy"), 7(CO0")
2124 | 2105 [10.6H +17.3Ts + 19.7T53 + 21.8Ts [S(CO0?), 7(COO), T(CONH)
184.8 |9.5Hss + 8.9Hxs + 16.5Hy + 14.4He + |F(CCC), 1(CC) (py)
182.1 14.4T5 + 14.5Tse
1715 [13.3Hp +20.3Hp + 36.1Ts &(CCC), T(CC) (trpy)
163.0 |67.5Hy 8(CCC)(GS)
148.8 [26.4Hy + 15.3Hy + 27.9Te &(CC), 7(CC) (trpy)
148.8 140.9 [16.5Hys+ 34.7Hy &(CHy), 8(CCC) (GS)
128.1 |16.2K; + 9.9Hxp + 11.2Tss 7(CC) (GS)
1205 |21.4K, + 10.0Tss v (PiN), 1(CC)(GS)
121.0 1110 [35.2Has + 23.7Hy + 19.0Ty &(CC), 1(CC) (GS)
109.4  |24.9H¢ + 46.1Hy, & (NH), 8(CCC)(GS)

reliability of the final force constants. The nature of bands in the metal complex can be further
understood from the final constants.

In spite of large molecular weight and complicated structure of the title compound, the small
average deviation of 3.44cm™ between the calculated and observed frequences indicates that the

optimized structure is appropriate, using a modified Urey-Bradley force field and introducing an
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appropriate set of internal coordinates and corresponding rational force constants make the normal

coordinate analysis successful.
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