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ABSTRACT

In this paper geometry optimization of two ionic such as CrOs™
Gly™, and MoOs* Gly™" have been carried out at the #7and B3LrP levels of
theory with 6-31G*basis set in the gas phase. Moreover, chemical shift and
natural bond of orbital (NBO)of these compounds have been obtained
using ¥MRand NBOmethods. Finally, the obtained theoretical results were
compared with each other.
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INTRODUCTION

Trace amounts of ¢r and Mo are
essential nutrient (1). Chromium (I1I) is
an essential trace mineral Chromium II1

; with other comp (not

discrete tetrahedral croj” and

MoOF fons. -0}, and Mo exist both in

solution and as solid. ©0j is strong

oxidizing agent, but M0} has weak

completely characterized) to form
glucose tolerance factor (GTF). GTF
facilitates the binding of insulin to its
cell membrane receptor that involved in
helping insulin to metabolize fat, utilize
protein and convert sugar into energy
(36). Molybdenum (o) is necessary for
the enzymes that reduce nitrate in plants
and for the enzyme nitrogenase which is
the key enzyme in biological nitrogen
fixation (2). Many chromium-containing
(cr) compounds are use for plating,

manufacturing, paints and dyes, tanning

leather and preserving wood. On the
other hand, Cr (V1) is known to have an
adverse affect on the lungs, liver and
kidneys (3). Autopsy of a l4-year old
boy who had ingested 7.5 mg Cr (VI)
revealed enlarged brain and cerebral
edema. However, this effect may be
secondary to kidney failure rather than a
direct effect on the nervous system (37).
¢r0, and Moo, are strongly acidic and

dissolve  in aqueous NaOH forming

powers.  Acidification of
aqueous of the yellow, tetrahedral
chromate ion,Cr0;" initiates a series of
labile equilibria involving the formation
of the orange-red-dichromate
ioncroi . Above pH8 only Crofions
exist in appreciable concentration but, as
the p# is lowered, the equilibria shift and
2-6, the

between p# HCro) and

Cr

ions 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 p# of
an aqueous molybdate solution is
reduced below about 6 is the

P lybdate (Mo,0,.]* .

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 wusing ab initio
caleulations and  a quantum chemical
approach. we worked on optimizing of
coordination systems of ¢-0j" and M0
with glysine In ion states, also computed
various tensors of ¥ygand natural bond
order(¥80) 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,~.0atoms have been performed by
the standard 6-31G* Basis set for
Cr.Mostandard  LANL2DZ basis sets have
been considered. All system have been
optimized at Hartree Fock (#F) 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,,02, 5.0, ,0m)
have been performed by ¥Mr 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 o, the shielding tensor asymmetry
parameter (An), the anisotropy (o) of
the tensor. and the effective as which

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

Also in this paper Chemical shift
anisotropy  (cs#) and  (CS4)were

considered as:

CS4=Ac ®)

€S, =4, (6

RESULTS AND DISCUSSION

In this research to study complex
formation, the GLy" has been placed
around the, c-04* and Mo0#* .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 Fartree Fock level



.Phys. & Theo.Chem LA.L. iran

M. Monajiemi et al.

Vol. 3, No. 1. Spring 2006

(HF) and becke-3lyp density function
theory (DFT). These anions were closed
to cLy?  from near of A#,in
GLY™"'=NH,CH.C00H ) due to the positive
charge on the nitrogen of N#, 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-32.3-21g,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
adjacent anions( Cro4* and M004*" ).

In the ing of optimization of

~MR 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

CSA.CSA,.8.a7 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 €0 Gy and MO Gl"
with decreasing the negative atomic
charge of 0,, O,the CS4,cS4,0f them
increase but the delta(s) of them
increase with increasing the negative
atomic charge of them.

Also the results show
for,, H,, H,. H,

s

Hyand  H,that  with

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 hydrogen bond between them. So the

bond lengths of N-mof NH were

idered fix in the p ing of
optimizing through freezing method.
After optimization the chemical shift of

their atoms were computed by

ing the positive atomic charge of
them Cs4,Cs4, increase but the delta (6)
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.-Hy, M-0,and, M,-0,the
bond lengths of them decrease but for
C.-0, and G,-0,the bond lengths

increase.
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The results turn out that the

interaction energy of Vo0 Giy" is lower
than €r0}"Giy" in the same condition. For

example that is -4520/3282684  for

HF16-31G*0f MoOF Gy where as it is

~1616/3469182 for HF/6-31G*of CrO} Gy

CONCLUSION

The same complexes containing ¢r and
Mo atoms reveal an interesting reflection
of increasing tendency toward formation
of MO,in the order Mo">C™ . Their

structures hold tetrahedral geometry.

s

v the bond length of
Mo-0bond is smaller than ¢r-0 bond

ofcroi-Gy'*. 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
Mo0;>Croi 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.

2[5 [ 4156 7 [8]0o wlul[13T8[15]16
lo\O\OIOINlC\anlHIMC\o\olﬂu:‘

Figurel. The structure of CrO4* GLY" after optimization.
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Figure2. The structure of MoQ4* GLY'" afier optimization.
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“Table2: The chemical shielding da of CrOGLY* and. MO GLY™" complexes. ealeulated by NMR method at the

levels of HEF/6-31Gled) and BILYP/6-31G(d),
| Cr)"GLY(HF) CrO,” GLY(B3LYP)
| & T
1Cr. 67568 617, 1185]-303 501

isox.1 580

1Z01.7979]
0.2473]-334.5603
Tl

s0.85 02

T IR

ATu.s i1 80,2807

T3]
ST0SEN[3T4. 39951330 STOK[<1 KT I[RS
164.3033] 1421 145)163. 1019

Sios[riiizsol

SR i
10 136a
18 60306]
R
ENTIED
367.0137]

T§ 6081
33 050330 1558
MO GLY(B3LYP)

B G. | o. o | o a. i
NG S TINRES 0407736, 3950]365 3391
FIEIENE IR AR

$9.1108
388,75 13]-277.0829] 531,703
3.08031-286.5308/-92 §263[-298 2438

31890020 1268]831 576
-305.3603}3238.9794]

1707 3|79, 123 -025.1334]-243 48121581 9154
2417540 179.4996]205 6303[264.6.

1578938 31.5826[137.0578]1%6, 1283
23590 152587 3054

EENENH

117575 TS

249709010.6693]13.9630 $1.0669(23.03

I 50197506, 63097126.1799 735176203103

12C 63.2610[107.9777]38 .93 89(103 5581133 3490] #3.a372f51.5045)

130 803137528, 193711 88 15173.2667]-130.03%% 0050110

140 398 3734[1923499159.7852[50 .73 19] 27 17012001

157 794327 7893013 5075|24 9336[26.0062[3¢ 133828 376905 7020
1617 $0.38032030 47071 4.3093[34.9953[27 65883
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Table3: The chemical shielding data of Cr0;* and Mo0,* comple:
(d) and BILYP6-31G ()

's af HE

316

alculated by NMR methiod at the I
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Tabled: Sumniaey of representative computed shielding tensor elements of GvO;
caleulated by NMR metliod at the levels of HF/6-31G(d) and BILYP/6-31G(d).
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‘Table 5: The hybridizing coefficient of ail bonds of, C
O HE/6-31G(d) and BILYP/6-31GLd).

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

Bond HF(Cr0,%) B3LYPCIO,
@ =0.5587(sp""d ™), +0.8294(sp™ el

= 04989(sp" ™), +0.8666(xp" "

Cr =0, o
7= 03764(p " d ™M), +0.9265(p),,
Ci-0, ST P [0, 082945 """
. = 035140 d ™ £, +0534 2
Cim0, |7 OIS, 208342sp T =

387U 5p’ ™

N, +0.9220(p),,
ey +0.9281p ),
S166(sp" "™ [V, £ 085620 "),
387 Usp =1 1, +0.9220(p ),

3T

G, | 0SSO S, 082940

HE(MoO, ™) B3LYP(MoO, ™)
@ =0408(sp""d" ™), +0912%sp™d™),, & =04501(sp* "), +0.8930(sp">d"™),,
0.3266(pd™)., +0.9452 ),
0.360(7* ), +0.9328(p),,
Mo, =0y | &=03928(sp"d™™),, +09196(p™d*™),, | o =0.4290(sp"

F=03181(p ">

4, <09481(p),,

)y + 0903300,

o 098000,

& =0.4460(sp**'t™"

- 0.8950(sp™ "),

o, | @ =04135(sp"

Juy + 091057 "),

Mo, =0,
| 4 0, + 09455,
=037 ), +0TS

| @=0:4209pd™™),,, +0.907ip*
Mo, =0,

) @ = 04301(sp""d™") ,, ~0.9028(spd™" ),

=03M8(pd" "), ~O.Hp),

0.2948(pd"™),, +0.9556(p"™),

0.3600(pd™™ ), +0.93300p),,
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coulli
{1IF/6-31Gid and BILYP

316G

nt of all bonds of. CrOGLY™" and MoO*GLY" complee:

HE(CrO,

LYY

B3LYP(CrO,

7 =048400sp" 20,

FO8T3 0 ™),

Iy +0.35150p7

Y, #0231 "),

&= 05733 d ™, 08179

im0 2045600 ™), =080 ™),
|7 =039260sp "d*™),., ~0.9197(sp' ™),
ir;:l)fiﬂ?!\/)"“‘u“‘ <0347 "),
=0 [7=03%6i5"™" T
Cr-0, |o=0486%sp " U, o= 05261 d ), 085040 ™),
V= F=07933p ™ ), +0.6089p" "), | = 07908 ), +0.6121sp" "),

= 033425 ™)

3,

©=0.8330sp ), +0.3502(5),,

A, <0475,

= 0T, +03843(5),

= 088110 d

+0.A47300s)

= 0.8738(sp™ ) +0.4826(s),,_

L =0.3616(0),,,

~0.7035(3 ),

& =0.38600p7"),, = 08103 “d""),,

5468 (5™

+0.8373(sp ™)y,

o= 0.56080sp """, =0.8280(sp>),,,

0,-H, |o=08632sp""d""), <03014(5),, .8624(sp" "d""),,, +0.5063(s),,
HF (Mo, ~GLY) BILIP(MoO.* GLY)
Mo, ~0, | =037700sp""d ~0.9262(sp™"d" k2

3810(ep™ ™ 0),,, +0.9246(

Mo, -0,

& =0.3704(sp" ™), <0.9289(sp* "™,

),

= 03180 d ), 09082sp™),

7 =0.2896(5p™ )y, +0957Wsp™ "),

7= 0.3606(sp™d ), +0.9327(sp™"d""),,

7 =02702sp" A=), < 09628 d™),,

@ =04110(sp™ ™), =091 16(sp™ ™), A2Asp™ldMT) < 0.8974sp" Md™),,
W0 03432(sp" S, +09393(5p" ™), 4135(sp" 2™y, +0.9103(sp™d" "),

&= 04492(sp" +08934(s5p™ ™), 0.5008(sp" 4™ ),,, <0.8636(sp™'d""),
Mo, -0, |z=03113(sp™"d , +09503(sp™"d™),, .3823(sp™"d™ ™), +0.9240(sp™ ),

7 =0.3397(sp™ ™), = 0.9405(p),,

o

0108”7, ~0.9076(s7

& =08029(sp™d""), ~0.596 (s ™), |

= = 08019 ), <0397 ",

“05476(x),,

= 083890577 ) +0.5443(5),,

")+ 0.4829(s),,

0.3696(p™), +04938(s),,,

a

~03903(x),,.

= 087155 ™

o= 0 SaTLE

TRy

S, <0.6321),,

= 0.78230p""),. +0.6229(5),,.

S955(3),,

& = 0.8040(5p"

& =0.7235(sp T d""). +0.6904(xp"

= 0.7288(sp™"),.

27
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culated by NBO method
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@ =0.578Nsp"" ), + 081600 "™ & =0.5858(sp" ™), +0.8108(sp ™),
€m0, z oy = oy
a 04927(sp™ ™ d" " ), +0.5T02sp™ el ™),, 0.5016(sp™"d""),,, +0.8631(5p"™ " "
T L0 T ) oS0t ) 0™
C.-0, 2 d™ "), 0831 "), | o= 0.5662 d"™ ), = 0.8243(5p™ ),
0, -1, o i, + 050445, o= 0.8583(sp "™y, +0.513W(s),,
Table 7: The comibution of (pdd) orbital in (&) bonds of. and CrO; GLY"' . MO GLY"!
caleulated by NBO method at the levels of HF/6-31G (d) and BILYP/6-31G(d).
CrO,GLYIHF)
bonds - 7 =
v 2 d
Cr-0, |28 - -
Cr-0, |37 06206 | 3832
6324|3790
156 s -
253 5 =
307 - 5
33 - -
790 g =
235 - B
263 - z
505 =
37 5 =
= 152 7S 3707 | 0.0947
C.-0, [212 32 - -
0,1, |39 - 235 G30es |- :
Mo GLY(B3LYP)
bonds E I3 E
7 d 7 d ” d
Mo-0. | 195 026 |- 07§79 |- 3
Vo-0, | 263 101 296 00519 936
Vo—0, | 210 101 EEENED 16.9185
Mo-0, | 195 09602 0926|2998 | 2.
99.99 2
G959 95| 04304
- - 200 - =
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