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Investigation of the Exchange Mechanism in
Some Rhodium Complexes using Density
Functional Theory and comparison with

Experimental Results

Dr. Khansaa Ali Hussein®

Abstract

This work focus on theoretical studies by DFT/B3LYP that is in
order to determine the mechanism of transition between two
isomers of Rh (I11) CpRh (SiR,R) (H) (C.H.) (R:R= H3, Mes) and
then compared with experimental results. The structure and the
infrared spectrum of the intermediate state between two isomers
were identified. Results of structure of intermediate state obtained
indicate to the existence of bond of type n°-Si—H, and the length of
the Si-H bond was about 1.6 A. Spectroscopic study insist that the
intermediate state is transition state due to the presence of
imaginary frequency . It was found as well the following values of
AS =7.6 kJ / mol, AH = 65.4 kJ / mol, AG = 62.9 kJ/mol which
were obtained by calculating the parameters of activation
transitional state of the complex CpRh (SiMe3) (H) (C,H,). These
values were in a very good agreement with the following
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experimental values of the complex CpRh (SiMes) (H)
(C,H3CO,"Bu), AS = 12 + 9 kJ / mol, AH=61.9 + 3 kJ / mol, AG =
58.9 + 0.1 kJ / mol. Based on the results of the theoretical study it
can be concluded that the transition between two isomers are made
through forming a complex transitional contain the bond type n*
Si-H followed by a rotation around the Si —H bond.

Keywords: Density Functional Theory, Transition State, IR
Spectrum, Vibration Mode, Activation Parameters, n’— Si -H
Complexes
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Si Ll gLl i) Llail 5 aliaie¥) Cask DFT/B3LYP ddaulsy <l s
I & aasY . CpRh(—HSiMes)(CoH,)_ TS eyl Al 8 —H
ED Sl yuel) Jaid Gy Vai g = 2076 CMMaals Jas (gs Sindl)
gad 4at eyl daat dad o aadl L i Clegeae EDE Ll 3)3 e
al) e ey Le 1) Adaghll ciiaa Al AU Gy Aaaddiall < )

Sinall AIEEY) Aall Si-HA Adalyl) Al baaly Gabaiad) cigk :(11) JS&
DFT/B3LYP uua CpRO(n*-HSiH,)(C,H,) TS
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cllal Gl ¢b AEY) sl & Si—H4 da)ll 4yl5aY) 4al s U
RN-Si aLall Jsa ohysally (g5l (a3 )

4Eny) Dallvg 4y = -262 cm™ gaiad) S5y s :(12)Jsal
DFT/B3LYP wwa; CpRh(n*=HSiMe;)(C,H,)_TS

iy I ) jds SV CSLaal o Jolal) dasts el 4-3

S Aapal i coilage e 5 JET AT G Al Wl il ekl
Jsh of ) i Le bl Al oY P-H-Si Ay o (g5as adlinl Alla S
Oo gl 3a Caay M) Jladll 8 a5 16 A Lyys gy Si-H o dday)l
dlyy Rh-Si aahll Jsa ghso damgd JEdU dgll dlajall & WLl )l
G oonly gaie Dl il Jidaly JEY) QSall dgdall duhall oo ly
il i) Sl e peafilly ggidl) Gan®-H-Si Adabll 75 A Alas
G AEY) Al i) cliie)l luay G L ALl 1Y) e B &
(13) JSall lai 5 54 Gutbaal) Sleia (0 JEY) die s o (e
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— > ! 3 J 5
- a1
N\ ; n%\
w 7, e
. v . /{g.
v He 1 -
{ >
- ’
4a 4b

4 Siral) Slaia oy JELY) AT 2(13 )Jead

62 6b Cmsda D 4b clsbaial) cp JAal Aulend Ay ail) Jasdisl) cfiasly :(4)Jsaad

DFT/B3LYP
AG ( AH AS AE Jalail ilee
kJ/mol) (kJ/mol) (kJ/mol) (kJ/mol)
77.2 77.3 4.1 79.7 4a > 4b
62.9 65.4 7.6 67.6 5a 2> 5b

oo il oyl 1 [6] Zupatl Lokl i)l o (5) Jsaall s
. CPRN(SIR;R)(H)(C2H3CO,'BU) saall cilSlaia
clsbaial) G Jakal) Alaad A 2l Japddil) cia)ly 1(5)Jsead)
CpRN(SiR;R)(H)(C,H;CO,'Bu)

EXxp.

AG  (kJ/mol) AS  (kJ/mol) | AH (kJ/mol) SiR,R
58.2+0.1 819 60.2+2 SiHEt;
60.0+0.1 945 61.5+1 SiHMe;
58.9+0.1 12+9 61.9+3 SiHEt,H
70.8+0.3 307 78.3+2 SiHO(Me);
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e Aphill bl of dplilly Lupatll bkl Glial o Oon A5lie de Jadl
edalgl) Alaal s i) V) dain S5 Lo Vs L Apaatl ) g las aa Gl
e Y LAMEN) AW Ay, Wla ol Sl Ay aaad Gl Sy
) Al F ae v @85 e Tl il Akl a8l of ) 3LeY)
diad) cASlae gp JEN) AT ma [16] 0 dead G lgde Jed
Cp*Rh(H)(SiEt3)(CH2=CHMe)
Lada 4
oSlia cpn JEY) 40 DFT/B3LYP daudsy Ak Ay Jaall 138 3 Liad
Rh(111)
el dndl st gl (R;R=Hs, Mes) CpRh(SIR;R)(H)(C2H4)
G Al Al Ay ksl L oaSlaal cp lEY) Al jaaY) cias Cadag
Sfie e Al o2 G Lighal) bl ol L P = SiH gl (e Al a5ag
Sl sl dahall alial) ASal ofs A Al e ple Al G A
Rh — 2l Jon ohsly gsimal o= Si—H Ahill g3 sai 4aii (sl
s ) ae (Sl Lila il cpSlaall 4 e Juasd Susy S
laa gy dallEny) Alall Lssil) cljie)l (and cililaa SIS yad Si-H4 dday))
ceSlaal) g JEY) die cidiagd Sl Gaatl il pe las 2m GG e Ll
lph el (Sed lgle Ulas A Gl e oly LLgla ol
Al sl clataal) Cagalay A Al dady, Alad 4yl 1)l DFT/B3LYP
lebals) dmpdas leiiday Lty daal Camaay Al QY] Alla) 4y 5 ke i)
Asalgie Ayl AdlS55 Le e gs Jphe s a3y 5 Ly
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