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ABSTRACT

In this paper geometry optimization of two ionic complexes such as CrOs”
Gly"', and MoO4* Gly™' have been carried out at the HF and B3LYPlevels of
theory with 6-31G*basis set in the gas phase. Moreover, chemical shift and
natural bond of orbital (~BO)of these compounds have been obtained
using NMR and NBO methods. Finally, the obtained theoretical results were
compared with each other.
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INTR(:)DUCTION

Trace éamounts of ¢r and Mo are
essentiaj nutrient (1). Chromium (III) is
an esseréltial trace mineral Chromium III
comple)iies with other components (not
compleféely characterized) to form
glucose; tolerance factor (GTF). GTF
facilitatfes the binding of insulin to its
cell meimbrane reéeptor that involved in
helping insulin to metabolize fat, utilize
protein and convert sugar into energy
(36). Méolybdenum (Mo) is necessary for
the enziymes that reduce nitrate in plants
and foréthe enzyme nitrogenase which is
the keyi enzyme in biological nitrogen
fixation (2). Many chromium-containing
(cr) cémpounds are use for plating,
manufa:cturing, paints and dyes, tanning
leather éand preserving wood. On the
other hzfémd, Cr (VI) is known to have an
adverse affect on the lungs, liver and
kidneysi (3). Autopsy of a 14-year old
boy Wﬁo had ingested 7.5 mg Cr (VI)
reveale(éi enlarged brain and cerebral
edema.é However, this effect may be
secondzilry to kidney failure rather than a
direct eéffect on the nervous system (37).
Cro, ar:1d Mo0O, are strongly acidic and

dissolve  in  aqueous NaOH forming

discrete  tetrahedral  cror- and
MoO} 1ons. Cr0}~, and Mo0} exist both in
solution and as solid. ¢ro} is strong
oxidizing agent, but Mo0> has weak

oxidizing powers. Acidification of
aqueous of the yellow, tetrahedral
chromate ion,Cr0} initiates a series of
labile equilibria involving the formation
of the

ionCr,0 .Above pH 8 only Cro*ions

orange-red-dichromate

exist in appreciable concentration but, as

the p# is lowered, the equilibria shift and

betweenpH  2-6, the  HCroand

Cr0} 1ons are in equilibrium. In aqueous
solution, equilibration of  the
molybdenum species is complete within
a matter of minutes, undoubtedly the first
major polyanion formed when the pH# of
an aqueous molybdate solution is
reduced below about 6 is the

heptamolybdate[M0,0,,1¢,  traditionally

known as the paramolybdate. Anions
with 8 and 36 Mo atoms (14) are formed
before the increasing acidity suffices to
precipitate the hydrous oxide. The
formation of these isopolyanions may be

represented by the net equations.
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this paper by using ab initio

calculations and a quantum chemical
approach, we worked on optimizing of
coordination systems of ¢r0” and MoO?"
with glysine In ion states, also computed
various tensors of NMR and natural bond
order(NBO) of them, finally compared

the results of them.

COMPUTATIONAL DETAILS

In this report, all calculations of
coordination compounds have been done
in gas phase. The -calculations for
C,H,N,0atoms have been performed by
the standard 6-316* Basis set for
Cr,Mostandard LANL2DZ basis sets have
been considered. All system have been
optimized at Hartree Fock (HF) and
Beck3lyp Density Functional Theory
(DFT) (19-23).The natural bond orbital
(NBO) analyses have been performed
using the NBO as implemented in the
GAUSSIAN 03(24-32). The chemical
shift calculations (o,,,0,, 04,0, ,0,.,)
have been performed by ~mrR keyword
and finally we compared obtained results
according to tables and plots. For
comparing the results some parameters

have been calculated such as chemical

shift 5, the shielding tensor asymmetry
parameter (An), the anisotropy (Ac) of

the tensor, and the effective Ac which

are defined as (17, 18, and 19) .

5= 0, +0y, )
[0-33 “ O

A77= Oy — 0y (2)
O3+ 0,

1
Ao =0y, _5(0-11 +0y) 3)

1
Aoy, = (o, +0y, +03 0,0y = 0,0y~ 0303 (4)

Also in this paper Chemical shift

anisotropy (cs4) and  (CS4,)were

considered as:

CSA=Ac (5)

CS4, =Aa, (6)

RESULTS AND DISCUSSION

In this research to study complex
formation, the GLy" has been placed
around the, cr04* and Mo04* .this work
was done with dummy atom method.
Since these anions are tetrahedral, so we
can consider similar interaction for them
for optimization. All optimizations have

been performed at the Hartree Fock level
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(HF) and becke-3lyp density function
theory (DFT). These anions were closed
to GLy"  from

near of NH,in

GLY"'=NH,CH,COOH ) due to the positive
charge on the nitrogen of NH, in

GLY".We optimized these systems step
by step. As a first step those were
optimized in the low basis set and then
were optimized by the high basis set
(sto-3g,3-21g,3-21g*,6-31g*). In all of
case for Cr and Mo standard lanl2dz
basis sets were used.

The ~ of NH, near theGLy, this

position was considered, because the
positive charge is there. This position
was considered the best case for the
adj acenf anions( Cro4* and Mo0o4*" ).

In the processing of optimization of
these compounds one of the hydrogen of

NH,"was disconnected from ~and was

connected to one the oxygen of these
anions. That was considered that the
reason of this phenomenon is formation
of hydrbgen bond between them. So the

bond lengths of ~N-Hof NH, were

considered fix in the processing of
optimizing through freezing method.
After optimization the chemical shift of
their  atoms

were computed by

NMR method and natural orbital bond of

them were computed by (¥80) method.

These results are reported in the

table(1-3), and then were computed
CS4,CS4,,6,An by the relevant formulas of

them. These results are reported in the
tables (4-7).

According to some of these factors
which have been compared, the results

show that in cro} Gy and MoO} Gi'*

with decreasing the negative atomic

charge of 0,, 0,the Cs4,Cs4,of them

increase but the delta(s) of them

increase with increasing the negative

atomic charge of them.
Also the

results show

forH,,H,,H,,H,,Hand H,that with
increasing the positive atomic charge of
them Cs4, CS4, increase but the delta (5)
of them decrease, except for one or two
points.

Fig (3, 8) show with increasing the
contribution of (p&d) orbital in o bonds
ofc,-H,,C,-H,, M, -0,and, M,-0,the
bond lengths of them decrease but for
and

C, -0, C,-0,the bond lengths

increase.
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The results turn out that the

interaction energy of MoO»Gh™is lower
than Cr0} Gly" in the same condition. For

example that is -4520/3282684 for

HF16-31G*of MoOXGly" where as it is

-1616/3469182 for HF /6-31G*of Cro> Giy™* .

CONCLUSION

The same complexes containing Cr and
Mo atoms reveal an interesting reflection
of increasing tendency toward formation
of Mo,in the order Mo">Cr" Their

structures hold tetrahedral geometry.

11
*,

For Mo0; Giy'*the bond length of

Mo-0bond i1s smaller than ¢r-0 bond

ofcrojGy'*. So the bond lengths of

M-0 of these structures decrease in the
orderCr> Mo .The maximum multiple
bonds of M-0 exist in the order
MoO; >Cr0; also the stabilities of these

structures have the same ordering. So,

considering the stabilities of these

compounds depends on the further
providing of the ability of oxygen- metal

to form multiple bonds.

No. 1 2 3 4 5 6 7

8

9 10 | 11 | 12 | 13 | 14 | 15 | 16

Atom [ Cr | O 0] ) 0O N C

H

H| H| | H|C|]O]J]O|H!|H

Figurel. The structure of CrO4*"GLY' after optimization.
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Figure2. The structure of MoO4* GLY' after optimization.

Tublel: Sclected optimized parameiers of CrO Giv and MoO™ Gly™ jonic complexes {mmgstroms and degrees).
compound L2 WLD LS (6D TG WTD [T jinoam t(12, 14} (14, 15)
GLY . - . 14961 | LOSG4 | 10805 15176 14847 13010 09569
> 15968 | 15968 | 1.5968 . . . . . N .

2 CrOSGLY | 16406 | 03478 | 13838 | 13691 | 10884 | 10818 1.5033 [RECH 1.3367 08519
Mo L7628 17628 | 17638 . - - . -
MoOFGLY | 17008 1 17313 1 L3894 | 14775 | 10629 | 1036 14900 11952 1.3084 095067
GLY - - . 15000 | LAR6 | LOU6 15082 1.2101 ).3228 0.9744
Crof 1630 | 16480 | 16er0 | . . . . .
;Cr()i"(’;l,)’ L6835 | 1604 | 16553 | 14865 | £A287 L0926 14969 12110 13638 05754
P
MoO) 1R0T2 D oLReT2 | een . .
MoOFGLY | 18097 | 17652 | 1202 | tag91 | poge3 | 1ome 15146 12340 133819 09750
compound ML HARLS IARLE) JAT68) JAMTI214) fAN20415) [ACIZ 1244y [DO1TA2.043 IDGAZIAIS)  (DA3121418)
GLY - . - 109 | riis L3 1278 612 -180.0 08
Cro} wes o3 ] 1093 . . . . . . .
= CrOFGLY | 122 1070 1045 1138 3T 1979 1225 1263 1761 54
MoO,; WS | 1095 | 1005 - - . . - . .
MoOFGLY | R0 | wae | nzs | eie o 108.2 1242 ELX 1774 118
GLY - . . 1o | HLe 1096 1281 615 1860 08
Cr3 W95 19 1 19s - - - - . . .
9- .
ZIO0FGLY | n2e | owra sz | 55 oo ts.7 1220 1347 1355 41
MoO WS s | otees - - i . . . .
MO GLY | 1123 1680 124 | 1019 124 i3 1219 §3.7 ~1673 4175
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Table2: The chemical shielding data of CrO;°GLY"™' and, MoO GLY*" complexes, calculated by NMR method at the
levels of HF/6-31G(d) and B3LYP/6-31G(d).

CrO> GLY(HF) CrO; " GLY(B3LYP)
alom G Sx % P Conteo Iy O Ty Y, O e
1Cr ~6736.89451-6340.6388{-53931 64811-6343.06041617.1 1 85}-393.5018{-333,1012{-279.6736}{-335.4255{83.6279
20 ~1408.15801-640.5870[177.4253}1-623.773211201.7979}-269.8512]-3.2210]256.4074{-5.5549{-392.9435

30 22475.22471-1773.622518 4. 823 8|-1388.007812209.24741-434.5604]-416.6409|145,.34641-235.2850{370.947¢
40 S2284.30481-1086.3657]1 §9.5689[-1069.7005{1843,9041 [-300.7515]- 151.0836]- 3.2380{-151.6910{222.6796
50 ~1514.42731-670.781411 80.2807}-668.3004{1272.R850]-300.1625{-16.1078|245.3304{-23.6466{303.4655
0N 224.37681241.65581274.3096/246.8108141.38353[285.3775297.3098[333.69731305.4615{42.3536
1C 142.8267{164.3634]182.11481163.1019128.5192f175.1250{182,0523|2058.5452{187.5742{26.9366
8H 26.2438/28.2009{39.4227131.2891{12.2003525.1129{28.2208{42.1933{31.8423115.52064
9H 2.5089119.3882{39.1347120.343928.1862{10.1466]17.9253{41.2731{23.1150{27.2372
10H 11.8612124.8193133.8988[23.52064]15.5585018.6036121.2286{35.3649]25.0657/15.4488
{1H 22 6828131 .0106[34.9186/29.537318.0719]24,3563{29.423536.3911 L0570{9.501 1

idy | tar | o

AV SR IS T O B0 PR

[}
712(‘ 63, 0T7T45171,3367]106.7594138.34051102.6283542 681 5{149.7137(174.4345¢122.
130 S262.530700-148.7091(326.3339-28.28741331.96200-367.0137(-97.3251{400.98191-21.1180(633.1513
140 47.09621208.3118{303.0800/186.1627{)75.3760493.0891{260.5877{286.7136i213.4633/109.8752

26 21
15H 23.315823.8177/36.0228127.7188{12.4560J23.1928j27.2773135.3543128.6081110.1192
16H 6.1 S471H8.3967141.4436/20.0648{32.0681]8.7302{17.2665/43.1542{123.0503130.1538

MoO; GLY(HF) MoO.” GLY{(B3LYP)
at o om Ty Ty T Tiw T aivo Ty Ty Ty Tr P rivo

Mo 954.0567]1006.506611143,168311034,5772]162.88671807.9530{838.0407/926.39361864.3291193. 0962

20 ~406.73141-216.5602177.55520-181.9121{389.201 {§-335.6913]-295,0867|-126.5538]-259.1106{198.8352
30 <R80.95021-462.8386]-31.7678-458.81891640.1266]-831.3761{-485,7514]-277.9829}-531.70355{380.5809
40 ~492. 84301-206.0640[79.52591-206.4604{428 9794}-515.0802{-286.8308,-92.8263{-298.2458{308.1292
50 ZR33.R230{-648.07711-42.2105-541.37021748.7395}-879.1123{-623.1534{-243.4812}.581.9156/507.6517
aN 220.49271231.15511273.585591241.7346147.73200179.4996{205.68023]264.65351216.6112]72.0635
cC 144.35411152.62221176.7050/157.8938/28.,21690121.3826{137.0578]156.1482i138.1962{26.92%¢
8H 15.0740116.4856{37.4390/22.9995121.6592015.2587]17.3130{36.5422i23,0380{20.2564
9H F2.7820017.9938139.2196123.3318{23.8317f11.7575{18.2721{37.8634]22.6310122.8486
10H 17.5694|25.2595132.0839124.9709110.6694J13.9650{24.0850{31.0660{23.6387{12.0410
1IH 26.1247129.8378134.6310/30.197816.6497)26.1799]29.1335/32.9176{29.4103{5.2609
12C ~34.4228163.26191107.9777[38.93891103.55811-33.3490{74.4253]83.4372{41.5045[62.8991
30 212.053341-80. 5147328192701 1.8815{474.4667}-130.0396{-50.6188]260.5014{26.61431350.8306
140 59 82531218, 35111298.8734/192.34991159.78521390.9410]137.6839(272.11761149.9143]183.3041
15H 23.1132{23.4605]536.7943/27.7893113.3075424.9456[26.00062{34.178R{2R,37698.7029
16H 24.6636]27.2782]40.2802(36.4707[14.3093124.9983]27.6588(37.9438{30,2063/11.6152
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Table3: The chemical shielding data of Cr0;" and MoO; complexes, calculated by NMR method at the levels of HF/6-31G
{d) and B3LYP/6-31G (d).

CrO,”GLY (HF) CrO " GLY(B3LYP)
Oy Gy O3 Tio @ i Ty Ty Ty T L.

1Cy | 46866412 | 46864612 | ~4686.6412 | -4686.6412 0.80000 223294761 | 23294761 | -23294276 | -2329.459% 00485

20 | -1264.6083 | -1264.6003 | 2233753 Z768.6085 | 14879736 | -334.2738 -534.2698 | ~109.1927 4059121 | 443079
30 | -1264.6003 | -1263.6003 | 2233753 -76R.6085 13879736 ¢ -S34273% -534.2698 | -H9.1927 4039121 | 44507

40 | -1204.6003 § -1264.6003 32353753 -768.6085 0.80000 ~354.2738 -354.2698 1091927 -405.9121 445.0791

50 12646003 | -1264.6003 2233753 -768.6085 1487.9756 -534.273% =554.2698 =109.1927 4059121 445.0791
MoO GLY(HF) MoQ > GLY(B3LYP)
Ty Ty T3 Oy T i Gy T Ty T T oiser

My 1 Iby(?.3.(s‘&2 PEI0.3682 | 11103682 | 11103682 0000000 897.0033 £97.0033 £97.0033 $97.0033 0.00000

20 -47:8.(}3 42 ~473.6142 527218 -298. 1688 326.3359 -443.3340 -443.3340 | 1180234 -334.9305 | 32521006

30 4736142 ~473.6142 S2.7218 -298.1688 5263359 ~443.3340 -443.3340 | -118.1234 -334.9305 | 3252106

G0 | AT36142 | 4736147 | 527218 | -29K.1688 | 5263350 | 4433340 | 4433340 | -118.1238 | 3349305 | 3252106

50 -473.6142 ~473.6142 52.7218 -298.1688 526.3359 -443.3340 -443.3340 ‘ -118.1234 -334.9305 | 325.2106
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Tabled: Summary of representative computed shielding tensor elements of CrO;*GLY™ and MoO;*GLY*' complexes,
calculated by NMR method at the levels of HF/6-31G(d) and B3LYP/6-31G(d).

CrO,”GLY(HF) CrO, " GLY(B3LYP)
€84 CS4, ) An CS4 CS4, J Ay
ICr 617.1186 714.6936  1-31.8336 -0.0339 83.6279 98.6397 -13.0328 -0.09820
20 12017978 }1373.3870  }-2.5571 -1.7197 392.9435 455.7668 -1.0424 1.0629
30 2209.2474  {2201.2787  |-2.8848 -0.5384 570.9471 571.1580 -2.2363 -0.1992
40 18449042 [2116.5928  1-2.7420 -1.3162 2226796 [257.6559 -3,0436 -0.9600
50 12728851 [1967.6649  1-2.5751 -1.7287 4034656 [472.5460 -1.1758 -1.2814
6N 41.3833 44,0057 16.8921 0.03315 42,3537 43.5961 20.6364 0.01867
7C 28,5193 34077 16.1570 0.06239 26.9566 27.6161 19.8752 0.01762
8H 12.2004 123175 6.6938 0.0277 15.5264 15.7580 5.1525 0.0420
OH 28.1862 31.7513 1.1653 0.2838 27.2372 180579 1.5460 0.1208
OH 15,5386 19.1834 3.5364 0.2256 15.4488 13,6152 3.8675 0.0434
11IH 80719 10.8245 99778 0.1292 9.501 | 10.4655 $.4906 0,0763
12C 102.6283 155.1849 0.1208 0.9263 78.2369 121.2969 3.6887 0.3607
130 331.9620 540139 -1.1595 03818 633.1313 674.8552 -1.1001 0.7100
140 175.376 224.1642 2.1845 0.3295 109.8752 181.9736 4.8283 0.3349
{SH 12.4561 12,4636 5.6760 0.0079 10.1192 10.7197 7.4813 0.0639
{6H 320679 35.8250 0.8771 0.2998 30.1558 31.0488 1.2931 0.1289
MoOj‘GL Y{(HF) Mo()f‘GL Y(B3LYP)
CSA CSA, ) An CS4 C84, J LY
1Mo 1628866 169.1015 18.0543 0.0241 93.0968 102.9268 26.8526 0.0283
20 3892010 4226124 |-2.4022 -1.8223 198.8352 205.6456 -3.9004 0057
30 640.1266 735.4424 -3.1489 -0.8528 380.5808  |484.1840 -5.1913 -0.4269
40 428.9794 495 6864 24438 -2.2593 308.1292 366.0832 -3.9038 4.5837
50 748.7396 788.5740 -3.1691 -0.4896 507.6516 §53.9372 -4.4389 -0.3101
6N 47.7320 48.6170 14.1933 0.0207 72.0636 75.5462 8.0175 0.0544
7C 28.2168 29.1112 15.7872 0.0247 26.9280 30,1563 14.3962 0.0533
SH 21.6592 21.6937 2.1856 00234 20.2564 20.3343 24120 0.0345
9 23.8317 242554 19371 0.0833 22 %486 23.5348 19714 0.1077
10H 10.6694 125774 6.0212 0.1348 120418 14.8928 4.7401 0.1870
IH 6,6498 7.3864 126235 0.0573 5.2609 5.8498 15.7709 0.0474
12C 103.5582 145.29%2 0.1286 3.8010 £62.8990 1125512 0.9796 0.8626
130 262.4334 3647733 |0.4158 -0.8602 350.8306  [357.5092 -0.7724 0.2776
140 159.7852 2106636 26114 03227 183.3041 201 .9047 14535 0.2316
15H 13.5074 13.5108 51720 0.0054 8.7029 8.7512 8.7819 0.0170
16H 14.3093 14.4873 5.2951 0.0370 11.6152 11.8416 0.2008 0.0079
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Table 5: The hybridizing coefficient of all bonds of, Cr0;*
of HF/6-31G(d) and B3LYP/#6-31G(d).

and MoO;” complexes, calculated by NBO method at the levels

Bond

HF(CrO,*)

B3LYP(CrO,*)

Cr -0,

o =0.5587(sp""d*™),, +0.8294(sp™"d"™),,

o= 0;4989(5770'”(133”)(‘4 + 0.8666(3‘[)?&66{‘}'@2 ){’:

T= 0,3764(‘ p”d B e +0.9265( P,

Cr, -0,

o =0.5587(sp""d** 1*%),, +0.8294(sp" """

Cr -0,

0 =0.5514(sp""d*? f*),,, +0.8342sp™*d*"),,

&(‘). 006 7349 #0608 . 8342( Tk .(“03: peyrapren
7= 0SS s d  e 4 Osp d ( d= 7o0y, + 09220(

7 =0.3728(sp"*d* f*%),, +0.9281(p ),

o =0.5587(sp""'d*® 7Y, +0.8294(sp™ """

o=0.5 i6'6(5])(”"3(1:’35]"0‘“2 )0‘ + 0.8562{5{)?'“(1(&@ )!?5
& =03871(sp d™ 5 f*7),, +0.92200p ),

HF (Mo0,”")

B3LYP(MoO, ")

o =0408(p""'d>”),,, +09129(sp™ ™),

o = 04501(sp" R d** Ystn +0.8930(sp™ "™, N

7=0.3266(pd™"),,, +0.9452(p),,

7=03181(p"d*),,, +0.9481(p),,

7=03605(pd*"),,, +0.9328(p),,

o =03928(sp"d* ), +0.9196(sp™" d*" Yo,

o = (},4290(&[)%:(3‘{2.&ﬂﬂ)mﬁ &+ 0‘9033(‘5‘1)3}{5‘1&{); )(‘))

x = 0'3298(,)‘12“73 ),-u‘n, + 0'9440(1’)03

o= 0.4460(spﬂ,é3 d:ﬁ?}m‘ . Q;S§50($p3‘m d«.m;)q

o =04135(sp" d* ™), +0.9105(sp ¥ d*™Y,,

7=0328(p d*"),,, +0.9458(p),,

7=0318Npd*?),, +09478(p),

o =04209(spd™™),,, +09071(sp™"d*"),,

& =04301( sp™d* ), +0.9028(sp" ™),

N =0328(pd "), +0.9458(p),,

7 =02048(pd' ™), +0.9556(p"),,

7 =0.3600(pd™"),, +0.9330(p),,
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Table 6: The hybridizing coefficient of all bonds of, CrO*GLY™ and MoO;*GLY"' complexes, calculated by NBO method

at the levels of HF/6-31G(d) and B3LYP/6-31G(d)
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Bond HF(CrO,**GLY) B3LYP(CrO, " GLY)
Ch-0, |0 =04840(sp*d),, +0.875Wsp'*d*"), |0 =0.5243(sp""d>*"),, +0.8515(sp™d"),
o =0.5679(sp"d""), +0823Usp™d™™), Lo =0.5754(sp " d*Y),, +0.8179(sp* T,
r=0, 7=04560(sp" ™), +0.8900(sp"2d"®), | 7 =0.5278(p""d™ "), +0.8494(p"™),
7 =03926(sp" "d*™),, +0.9197(sp"™),,, |7 = 0.515Hsp™d™™),, +0.8366(sp™ " d"™ Jo,
a0, o= 0‘5507(‘€p0""f13’2(’ ey +0.8347(,sp":f‘c/f"“'),,‘ o =0.5386(sp""d*""),, +0.8425(sp™d""),,
7=03861(sp™"d"™),, +0925sp""d"),
Cr-0, |o=0486%(sp""d™"),, +0.8735(3p*~”d"-‘:29‘m 0 =0.526 l(sp""”cl:'“)c.a‘+0.85(34(37)$'35d8‘°’ Yo
No=C, |o=07933(sp™d*),, +0.608%sp™*d*”), |0 =0.7908(sp™ "), +0.6121(sp™*),.
No-H, |o=08342sp"d""), +0.5515(s),, o =0.8350(sp™*"),, +0.5502(s),,
Ne-H, |0=04795(sp™"d""), +0.4759(s),, o = 0.8749(sp™™), +0.4843(s),,
No=H, |o=08811(sp*d""), +0.473s), o =0.8758(sp™™),, +0.4826(s),,
C,~H, |6=08152sp™). +0.5792(s),, o =0.8274(sp™),, +0.5616(s),,
C,~H, |o=07775(sp " d""),., +0.628%s),, 0 =0.7829(sp™™),. +0.6221(s),,
C,-C, |0 =07104spd™),, +0.7038(5p'"), | =0.7107(p™),, +0.7033(sp"™),,

Cn: "013

o = 0.3813(sp"” ), +0.8137(sp" ™™ Ja,

o = 0.5860(sp™""),,, +0.8103(sp"*d*"),,

7 =05132sp™"d™™),_ +0.8582Asp™"d*™),

7=05 468(&‘[75”"‘ 4™ )(‘.; + 0,8373(5])“‘"(“( 8 )0;;

C.-0, |o=05528(sp™d""),, +0.8333(sp'™), |0 =0.5608(sp™"d""), +0.8280(sp™" ),
Oy -Hy |0=08652(sp"d""), +0.5014(s),, o =0.8624(sp™"d""),, +0.5063(s),,
HF(MoO, " GLY) B3LYP(MoO,’ GLY)
Mo, -0, |o = 03770(p" > Yy +0:9262(sp™ ™), Lo =0.3810(sp™d* 0, + 0.9246(sp™> ),;
o =03704(sp""d" "), +0928%sp™ "d* ), Lo =0.4180(sp" > ®),,, +0.9082(sp™*),,
Mo, —0, | 7=02896(sp™"'d"™),,, +095TUsp"*"d""), |7 =03606(sp™ d™™),, +0.9327(sp™"d"™),,
7=02702(sp"d™ ), +0.9628(sp™"d*™),,
Mo, -0 o =04110sp"7d’),, +091 16(31)3'%::1“”’»),,’ o= 0.4412( SPUdelM Do + 0.3974@;;“‘”;"4"-"* Yo
= 0.3432sp™*d™) ,, +0.9393(sp™"d**),, |7 =04135(sp' d* ), +0.9105(sp™™d*""),,
0 =0.4492(sp"*d**),,, +0.8934(sp™"d™"), | & = 0.5008(sp""d*),,, +0.8656(sp>*d""),,
Mo, O, | x=0313sp™"d™™),, +0.9503(sp™"d"™), |7 =0.3825(sp™"d"™),,, +0.9240(sp"™),,
7 =0.3397(sp™d®”),,, +0.9405(p),, 7 =04198(sp™"d™ ™), +0.9076(sp™7d>%),
N, -C, o =0.8029(sp™d""y, +0.5961(sp™*d"") | o = 0.8019(sp**),, +0.5974(sp™""d""),.
N,~H, |o=08367(sp’"d""), +0.5476(s),, o = 0.8389(sp™ ), +0.5443(s),,
N,=H, |6=08757(sp* d""), +0.4829(s),, o = 0.8696(sp™™), +0.4938(s),,
N,=H, |o=08715(sp*™d""), +0.4903(s), 0o = 08680@IT) | 04963
C,~H, |0=07749sp *d""), +0.6321(s),,, o =0.7823(sp™""),., +0.6229(s),,,
C,~H, |o=08034(sp""d""), +0.5955(x),, o = 0.8040(sp™),., +0.5946(s),,
C,~Cu |6=07235(sp™"d"™),, +0.6904(sp'™), | =0.7288(sp™ ), +0.6847(sp" ™),
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Lo
N 1

o =0.5781(sp"),,, +0.8160(sp™d"™),  |o=0.5838(sp' ™), +0.8105(sp""d"" ),

€O 7=04927(sp”™"d"**), +0.8702sp""d"™), |7=0.3016(sp™7d"), +08651(sp™"d*™),

Cﬁ m()M o= 0.5562(5’[32'3’96{9‘04 )( . + 0.83 1 I(S‘f)é'ﬁ?d&m )(’; o= 0.5662(3[)3‘4%1&8} )G; ““3"0.8243{5']7“89 )"h i

0,~Hy |0 =08635(sp™"d""), +0.5044(s),, o =0.8383(sp""d"™), +0.5131(s),,,

Table 7: The contribution of (p&d) orbital in (o & 7) bonds of. and CrO7’GLY™ . MoO;*GLY"'  complexes,
calculated by NBO method at the levels of HF/6-31G (d) and B3LYP/6-31G(d). - ‘
N I
CrO* GLY(HF) CrO> GLY(B3LYP) |
bonds o 7 e by
Z d P d 7 d p d
Cr-0, |28 03625 |- : 0.01 1.02 ] .
Cr-0, |3.17 2043|2013 172 3068 | 1.59 06206 |3832 ||
1.00 1.51 6324 13799 ||
Cr-0, |236 1302 [9999 | 3923 | 3.24 122 - -
cr-o, |283 08475 |- - 331 1.02 - .
N,-C, |307 0.01 . . 3.19 0.00 . .

N -H, |35 602¢3 |- |- 2074 | 0.00 - - |
N,~H, | 290 502¢3 |- - 84 000 |- : |
N, <M, | 285 6513 |- : 184 0.00 - o
C,-H, |26 0.00 - - 03957 | 0.00 - -

C,-H, |3.05 5543 |- - 159 | 0.00 : )

- -C, | 227 5023 |- - 207 0.00 - - !
C,-0, | 152 5.83e3 | 9999 | 3.32 1787 1580e3 | 4747 | 0.0947 | |
C,-0, |212 [3%93 |- - 2.32 40dc3 |- - 1
0.-H, | 329 |633¢3 |- - 235 [630e3 |- - :

MoO;" GLY(HF) MoO,” GLY(B3LYP)
bonds o x o 7
P d P d P d » d |

Mo-0, | 1.93 07216 |- R 2.63 07879 |- -

Mo-0, |2.64 1.01 1496 | 301 2.74 0.9519 | 7422 [926 | |
80.02 | 947 !

Mo-0, | 210 1.01 8424 | 2829 278 1183|278 16.9185

Mo-0, | 1.93 09602 | 8242 |[2540 |223 09226 | 2998 | 2927
1795 | 2653 9999  |32.18
N-C |327 0.01 - - 351 4273 |- N

N,-H, |338 6.04c3 |- - 198 | 0.6 - BT
N, -H, |292 6453 |- - .88 0.00 . - ‘
N,-H, |288 3.40¢3 |- - 177 0.00 . .

C,-H, |312 55le3 |- - 173 0.00 - -
C,-H, |247 5743 |- - 141 0.00 - A
C,-C, |227  |512e3 |- - 137 0.00 - =1 1
C,-0, | 152 58%5¢3 [ 9999|667 162 58le3 | 9999 | 04204 |
C.-0, | 195 0.01 - - 210 0.00 B -
o s Toom T s oo ~ :

28 SRR
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