Electronic Supplementary Material (ESI) for Dalton Transactions.
This journal is © The Royal Society of Chemistry 2015

Electronic supplementary material

Feasibility of novel (H;C),X(SiH3);., compounds (X = B, Al,
Ga, In): structure, stability, reactivity, and Raman
characterization from ab initio calculations

Renato B. dos Santos®?, R. Rivelino?, F. de B. Mota“, A. Kakanakova-Georgieva?®,

G. K. Gueorguiev®

Instituto de Fisica, Universidade Federal da Bahia, 40210-340 Salvador, Bahia, Brazil
bDepartment of Physics, Chemistry and Biology, IFM, Linkoping University, SE-58183 Linkoping,

Sweden

Table S1 The lowest frequency (vp;,) (in em') and molecular dipole moment (M) (in D) of the
(H3C),X(SiH;);., compounds with MP2 and PW91 (values in parenthesis).

Unmin M Unmin M Unmin M Umin M

n B Al Ga In
0 39.44 0.13 27.56 0.00 25.74 0.00 23.97 0.00
(63.38)  (0.08)  (8.73)  (0.00) (20.43)  (0.05)  (10.05)  (0.04)
1 45.98 1.18 8.58 1.12 14.46 0.98 14.96 0.90
(4725) (134  (@1.14) (1.33) (22.12)  (1.19)  (14.00) (1.10)
) 31.04 1.21 8.74 1.24 7.86 1.04 10.34 0.92
(39.64)  (1.41)  (13.94)  (1.40) (1477) (124)  (10.69)  (1.13)
3 11.97 0.00 43.80 0.00 48.07 0.00 27.46 0.00

(39.97)  (0.03)  (26.69)  (0.00) (21.34)  (0.00)  (4.45)  (0.00)
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Fig. S1 Optimized angles at the MP2 level of theory for the (H;C),X(SiH3);., compounds.
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(H3C)3B + SIH4
Omin = 25.48 cm™!

E =-435.5070232 a.u.
E..; = 0 kcal/mol

(H;C),B(SiH;) + SiH,4
Upmin = 44.98 cm’!

E =-686.4922536 a.u.
E.« = 0 kcal/mol

(H;C)B(SiHs);H
Omin = 91.09 cm!

E =-937.4975488 a.u.
E..; = 0 kcal/mol

Products

( «
TS (H;C),B(SiH;) + CH,
v; = 805.50i cm’! Omin = 49.67 cm!
E =-4353813931 a.u. E = -435.4986567 a.u.
E, = 78.83 kcal/mol E, = 5.25 kcal/mol
(b)
uﬁv
) i
v
TS (H;C)B(SiH3), + CH,4
v; = 877.02i cm’! Omin = 47.90 cm’!
E =-686.4602197 a.u. E =-686.4849122 a.u.
E, = 20.10 kcal/mol Er = 4.61 kcal/mol
(™) ; @
|
&
TS B(SiH;); + CH,
v; = 807.90i cm™! Omin = 45.10 cm”!
E =-937.4637776 a.u E = -937.4770806 a.u.
E, =21.19 keal/mol E,o = 12.84 kcal/mol

Fig. S2: Reactants, TS (one imaginary frequency), and products of the reactions with
silane calculated with MP2/STQN: (a) Ia — Ila, (b) Illa — IVa, and (c¢) reaction Va —
Vla for X = B. In step (Va — Vla) it is observed a formation of an adduct involving the
H atom, characterized as an energy minimum.
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(H:C);Al + SiH, as (H:C),Al(SiH;) + CH,
Opmin = 19.24 cm’! 0 = 1486.30i cm Vo =40.24 cm’!
E = -652.7186436 a.u. E =-652.5977194 a.u. E = 6527207774 a.w.
E, = 0 kcal/mol E, = 75.88 kcal/mol E,y = -1.34 keal/mol
(™ v
v ¢
(¥
(HsC),Al(SiH;) + SIH4 (H;C)AI(SiHs), + CH,
Umm 32.60 cm™! v = 1290.851 cm! Opin = 32.73 cm’!
=-903.7168344 a.u. E =-903.6565456 a.u. E =-903.7183294 a.u.
E.; = 0 kcal/mol E, = 37.83 kcal/mol E, = -0.94 kcal/mol
(™ (W
¢ v &
(H;C)AI(SiH;), + SiH, TS .
Omin = 34.56 cn! v = 1266.58i e A¥(S:1}§35)31§ -
=-1154.7152646 a.u. E =-1154.6580091 a.u L 47177583
Ey = 0 keal/mol E, = 35.93 keal/mol 8 et
rel — 1.

Fig. S3 Reactants, TS (one imaginary frequency), and products of the reactions with
silane calculated with MP2/STQN: (a) Ib — IIb, (b) IIIb — IVb, and (c) reaction Vb —

VIb for X = Al.
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(LOa 1 Sitly TS (H:0):Ga(Sik) + CH,
Umin = 25.77 cm U; = 1296.44i cm’! Ui =32.29 cm-!
E =-2334.0296656 a.u E =-2333.9644041 a.u. E = 2334.0385566 a.u
Eye1 = 0 keal/mol E, = 40.95 kcal/mol E. —-5.58 keal/mol
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(H3C)2Ga(SIH3) + SIH4 TS .
+
Omin = 33.63 cm! v; = 1265.26i e’ (H;C)Gj(356}§§,)2cmf H
E =-2585.0336807 a.u. E =-2584.9724164 a.u. = 2585 0423158 a.u
E;« = 0 kcal/mol E, = 38.44 kcal/mol E.=-5 .42 kcal/moi '
(c)
| ‘ ‘5\‘
\ (™
; v L
(" ¢
(H3C)G3(SIH3)2 + SllH4 TS Ga(SIH ) +CH
L= - 3)3 4
b et E = -2835.9813985 a.u E = -2836.0475463 a.u.
el E, = 35.76 kcal/mol E, = -5.75 kcal/mol

Fig. S4 Reactants, TS (one imaginary frequency), and products of the reactions with
silane calculated with MP2/STQN: (a) Ic — Ilc, (b) Illc — IVc, and (¢) reaction V¢ —
VIc for X = Ga.
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(H3(i)31n + Sletl TS (H;C)aIn(SiH;) + CHy
Unin = 42.86 cm v, = 1343.99 cm'! Uin = 40.30 cm!
E= -6@491 1902 a.u. E =-600.381822 a.u. E =-600.5117364 a.u.
Ere1 = 0 keal/mol E, = 68.63 kcal/mol Eqe = -12.89 kcal/mol
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(H3C)21H(SIH3) + SIH4 TS (H3C)IH(S]H3)2 + CH4
Omin = 34.87 cm! v, = 1332.83i cm'! Omin = 35.34 cm!
E =-851.6134676 a.u. E =-851.5047137 a.u. E =-851.6332602 a.u.
Ere1 = 0 kcal/mol E, = 68.24 kcal/mol Ee = -12.42 keal/mol
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(H3C)Iri(SlHa)z S_IIH4 TS In(SiH;); + CH,
Umin = 37.19 cm v; = 1247.66i cm’! e =26.66 cm-!
E = -1102.6807908 a.u E = 110275543 au.

E =-1102.7358905 a.u.

E. = 0 keal/mol E,o = -12.26 kcal/mol

E, = 34.58 kcal/mol

Fig. S5 Reactants, TS (one imaginary frequency), and products of the reactions with
silane calculated with MP2/STQN: (a) Id — IId, (b) IIId — IVd, and (¢) reaction Vd —

VId for X = In.



