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Structure and spectrum investigation of the
effect of substuiant on possibility of the
formation of non-classical bound Rh( 1’>-Si-
H) using density functional theory

Dr. Khansaa Ali Hussein®

Abstract

In this research structure and spectrum was investigated using
DFT/B3LYP of the

complexes Rh(I1l) CpRh(SiRzR)(H)(CzHsY) where R,R= Hs,
Mes, (OH)3 and

Y=H; CyH3Y = PHs;, SiHs. This is in order to find possible
formation of the bound Rh( n>-Si-H) in the complexes. This is
in order to find possible formation of the bound Rh( n>-Si-H) in
the complexes.

Hence it was found that each of the complexes exist in two
isomeric forms of comparable energy. Theoretical results
pointed out there are weak interaction between Si atom and one
of the hydrogen atoms which is bound with it. Studying the
geometric structure of these compounds does not refer to the
existence of the bound of kind Rh( n’-Si-H). The effects of
donors and acceptors electrons on Si atom and on formation of
Rh( n’=Si-H) . One can notice that the interaction increases
between Si atom and hydrogen when donor group exist. On the

* Chemistry department, Faculty of sciences, Damascus University
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other hand, the role of C,H3Y associated with the metal center
was studied. It was found that the presence of carboxyl group
Y= -COOH lead to better interaction between Si and H than
SiH,4 or PH3 group. It allowed us to study patterns of vibration
theory to obtain infrared spectra IR and accurately vibration
patterns. It can be noticed that there are three elongation of the
Association of Si-H patterns ranging from 2146 to 2136 cm™1,
and in return it was found only one single pattern elongation of
the Association of Si-H up to 600 ¢m™?! and this shows the
weakness of the bound between hydrogen atom and Si.

Keywords: Density Functional Theory (DFT), organometallic
compounds, Infrared, Rh( n’-Si-H) , complexes, spectrum ,
vibration modes,
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e 539 Si-H b))l Jola e RoR Jaliall Lili 1-4-3
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dinal) clslbaia 8 Si-H al) Jlghl ad :(4)J saad)
DFT/B3LYP wws CpRh(SiR,R)(H)(C,H,)

Y=H

RzR: (OH)3 RzR: Me3 RzR: H3

2.397 | 2.244 | 2.258 | 2.256 | 2.253 | 2.250 | 2.269 | 2.267 | 2.264 | 2.258 | SiH4(A)

o RoR= Hg s 3 Si-HA dbayl) Jsha o 4yl culiloal) ilis gy
Jai) xie Ll Law ¢ (A 2.2597 L) A 2.269 1) 2.258 ¢
zsbi Me  Jiise Cilegane &0 Si 0psSilid) 50 e EDEN il g yagl)
ey i (A 2254 Ghus ) A 2259 L)) 2250 e slaYl
oSar (A 2321 Uhas) 2.397 ) 2244 ezl OH JseSsyum
S5 Jally s 5B ale ) e Ble OH ey oY daill o3 s
o Al G} ) (595 Lea S 803 Jsn Ay 5S) A g e
OIS 5 Lad Lol el gy sl (o @) B3y s HA Ciomspael) 553
Jsn g SN ABESH ety asi ogb lis 5D dnile o) e B)le Jalisal
50 Gl e aeld il ol o @il Gy Lee (sl 352
Al J8& e Balys Al el ) gan lee L Cnnguel
e b SiF-H Akl Jsh i (7) S & g o -Rh-H-SI

.CPRN(SiR2R)(H)(CoHy) siad) cilSlaia
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- CpRh(SiH3)(H)(C2
H4)

2)

R W 0N

2.24 2.34

alay)ll Jgba Si-H (A)

CpRA(SIR,R'(H)(C,H

CPRN(SIR,R)(H)(CoH,) ixall cbislaia & Si-H Aafyl) Joha i :(7)JS&
e 539 Si-H byl Jola e Y Jold) ik 2-4-3

Siral) ilslaia G Si-H - Dagl Jlshl add :(5)Jsaad)
DFT/B3LYP s CpRN(SiH3)(H)(C,H3Y)

R,R'=H,

CHzY C,H3Y = SiH, Y =-COOH
= PH3

2.458 2284 | 2259 | 2214 | 2120 | 2217 | 2.195 | Si-H4A)

adadlaal) g Saradl 3S5ally 5pile Jagpell Joliiall sy Auyl o2a b L
Jalgiall e
deall 5 Saile puadl Si-H dbd)ll of dphil sl sl RyR= Hy
oo Si-H4 &, Si-H4 ik auss CpRO(SiH3)(H)(SiHz)(H)
JSall emys RI( % = Si—H) sl e Ll Ay S G )
CPRh(SiH3z)(H)(C2H3Y)  siadll clSlaia 3 Si-H aadll Jsha i (8)
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N 8
I 6 .

N CpRh(SiH3)(H)PH
o, ./f 39 (SiH3)(H)
I
=2 f 4= CpRh(SiH3)(H)(C
L 2H3COOH)

20 : : ,
5 2 2.2 2.4 2.6 +§pRh(SiH3)(H)SiH

o
O Si-H (A) iyl Jsha

CpRN(SiH3)(H)(CH3Y) shaall cilslaia b Si-H Adal) Joha s 1(8)Jsll

W= Si-H L Sl 555 -3

oo balsy g5 o (S A i) Ciaa gy IR jaa¥) a4l et
el

vSi AUy Llae (8 Si—H dagyl) Cana dagii (il 4. n> Si—H
che -H

(Em™ 2219, 4 seiall sasmpall Taly s 4ilie digmall I o8 s
vie Si—H  dlll Caen e huat ¥) 25N 1 (el .2208)  SiH
Lol 3 e el

SV CSlaadl lpaY) sty palaia) 51k ad (6)Jsad) & cp
DFT/B3LYP s CpRN(SiH3)(H)(CoHzY) aiaall 1))
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Qﬁ.ﬁn};l—uﬂ.}

e Aol Aayy JSE A0l e e¥alod) el duida g dye Al

Aot ailal) i) ASY) uSlaiall 55aY) cjighy alaied) 5ad ad 1(6)J s2ad

. DFT/B3LYP cwa CpRI(SiHg)(H)(CoH3Y) cisbaal)

DFT/B3LYP dayyhall
CPRh(SiHa)(H)(Si |  CPRNSI(OH); | CpRhSi(Me)s(H)( (H)(C,H2) s
Hs)(H) (H)(CoHy) CoHy) CpRh(SiHs)
32l gl 3031 9 gl 3al) 9 gl 32l i gl
Km/mol | (em®) | Km/mol | (cm™) | Km/mo | (cm™®) | Km/mo | (cm™)
| |
47 550's 23 552 46 605 33 613 Si-H4
0.3 455 as - - 19 551 Si-H5
229 2209 - - - - 170 2163 Si-H1
0.1 2202 - - - - 148 2160 Si-H2
71 2168 - - - - 102 2146 Si-H3
191 2167 - - - - - - Sil-H6
24 2156 - - - - - - Sil-H7
225 2163 - - - - - - Sil-H8
22 2133 114 2133 93 2171 105 2134 Rh-H4
97 as - - - - - - Rh-H5
2120 s

- - 66 3847 - - - - 0O1-H1

; . 57 3843 ; ; ; ; 02-H2

- - 53 3803 - - - - 03-H3

- - 0.7 3197 0.5 3194 9 as3112 | H,C=CH

- - 9 3217 14 3114 5 s3123 2

JEY) Slaiall edagdg l mny lia) Baladl (pn 43)lia (9) Sl b e LS
CpRN(SiH3)(H)(C2Ha)_A Lhs
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~H2

Rh
H1 JH2
H4 51
C1

c2

s

} s

Vena = 2134 cm Vsine = 2160 cm™

CPRN(SiH3)(H)(C,H,)_A sixall ilall h-H 5 Si-H jjzia) hlail :(9) Jeaa

Dbl 389 quslaiall ailad) IR jealy) coad g 13512 11 (10 SISl 8
.DFT/B3LYP caua CpRN(SiH;)(H)(CoH;Y) shaall
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3559. 3203. 2847. 2491, 2135. 1779. 1423. 1067. 711.8 355.9 0.000
1 M H i 1 L 't 1 H =

361 36.1
1242 o~ T v 12.42
61.04 j 61.04
109.6 109.6
Zi58.2 \ 158.2
gzus.g 206.9
22555 255.5
304.1 | 304.1
352.7 J 352.7
4013 { \{ 4013
450.0 v v v v v . . v r 450.0
3559. 3203  2847. 2491  2135. 1779,  1423. 1067 7118 3559  0.000

cmt

DFT/B3LYP cuwa CPRI(SiH3) (H)(CoHy) siaall (aluaiay) ciga :(10) Jeal

3558. 3202 2846, 2490. 2134, 1779, 1423,  1067. 7116  355.8  0.000
-19.1 . 1 1 : i i . L i -19.1
16.74 W W’ ﬂm T 1674
52.664 F52.66
88.584 Fss.ss
Z124.44 F124.4
816044 F160.4
219634 F196.3
232.2 F232.2
268.1 F268.1
304.0 F304.0
3400 . . . ; . ; ; . i 340.0
3558. 3202 2846,  2490. 2134,  1779.  1423.  1067. 7116 3558  0.000

emt

CPRO(Si(Me)3) (H)(CoHy) Sisall pabuaied) i :(11) JLa
DFT/B3LYP qua
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4231. 3808. 3385. 2961. 2538. 2115. 1692. 1269. 846.2 423.1 0.000
-25.0 1 1 h 1 N 1 1 h 1 25.0

29.44+ \l \/ § I /\«'r\ [r']nl F29.44
83.949 \ | F83.04
138.44 | ] vV F138.4

B, ) |

£192.04 (n F192.9
C

8247.44 ”i | F247.4

£301.94 { ‘ ( F301.9
356.44 | F356.4
410.99 |/ F410.9
465.44 Vl F465.4
520.0 T T T T T T T T T 520.0

4231, 3808.  3385.  2061.  2538.  2115.  1692.  1269. 8462 4231  0.000

CPRA(SI(OH)s) (H)(CoHy) shaall pabiatay) ik 1(12) Jel
DFT/B3LYP quus

3562. 3206. 2850. 2494. 2137. 1781. 1425. 1068. 712.5 356.2 0.000
: 1 1 1 1 L h h 1 h 246

-24.6 B
3 ~ [ TATA~ L
2 Wﬂf IR

174.74 “ | | F174.7
“5241.1- (! | 1 k2411
£307.64 \ ] l | F307.6
2374.14 \] | | F374.1

440.54 {| | F440.5

507.09 i [/ Fs07.0

573.54 ‘\,’ F573.5

640.0 T T T T T T — T T 640.

3562. 3206,  2850. 2494,  2137.  1781.  1425.  1068.  712.5 3562  0.000

em!

CPRA(SiHs) (H)(SiHz)(H) siaall paluatay) cik :(13) Jel
DFT/B3LYP quua

pans dhmin alaid Llac e jeall i Cigh maen & B
Cllae 350 iy Si-HA il ahy)ll 55l cm™ 613 5 550 o
calsila A Si-H Llgyl) Y em™ 2209 52146 ¢ ysand) palaial)

SiHg Al egiall b auhll Lk e
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Lada 4

(CoHsY)sixall DFT/B3LYP dbanlsy duishas dypis Ay anid) 13 b Lidd
C.HaY ; Y=H 5 RyR=Hs, Mes, (OH)3 us Rh(111) (H) CpRO(SIR;R)
Al i) (1 — Si—H) syl S 45 e = PH, SiH,

JSY) dinll ay DFT/B3LYP diyh alasinls Ayl Zull oda Cupal
oeSliie liiedl o JS o Laay cliied) e psidll an Al Lalasiad
CoH3Y e senall Lpusilly Si-H Al o gy lalis (<15 8l Tan oy e
@by gaaly Sio8d g G JAIS aay ) dphall gl culal
e Al gy ) labaddl gl Al i Y e Al Cpagpnel
Sle by S Aalll 5 dsild) calad) L8k bup P - Si-H gl
Si 53 ow Jalull abyy) WaaY L n? -Si -H JE Ak e Siosp
Si-H dabll jad Jully Gl B dasle ) dsay 2o o uedls
O Langd Sl 56l hasipall CoHaY Jalial) o0 Gl Ly (Jilially
JuS 58 Bya) st

3$al Byl (e Jumdl US55 Si-H dag)l) jad ) 535 Y = -COOH
Llal aaaiy Ayl duhall W cimas JPH3 ol SiHs e senay o)
e 8 IR jeal) cind Gl e Jseanlly 5 38 Cldiaal s3] l5aY)
2136 ) 2146 (e ol Si-H ddaghll AUl hlal 406 sy eVl
las cmM™ 600 2s0ms Si-H adagll sy Al Jas Laay Jiliadl c cm™?
-Si 5% (pagynel bli)) e e di
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