
I& JOURSAL OF ORGASOS~ETALLIC CHEMISTRT 

IXFR+RED SPECTRA OF ORG_A.XOGERXASES 

The infrared spectra of So organogermanes have been examined in the region 
a=~oo-zoo cm-* with the main object of assignin g characteristic group-frequencies. 
Absorption bands due to carbon-hydrogen stretching vibrations have been ignored 
throughout_ Bands due to the symmetric and asymmetric germanium-carbon stretch 
are given for methyl-. ethyl-. isoprop_vl-, butyl- and benzylgerrnanes. For compounds 
containing more than one type of alkyl group specific assignments are uncertain and, 
in these cases, all bands attributabIe to v(Ge-C) are given (Tables I, 2. 3 and _rl_ 

d6br&&orrs: w, weak; m. medium; s, strong; a, broad; c. cornpIe..; sh, 
shoulder; b, absent or estremeIy weak; d. region obscured; e, range not covered. 

Table1 lists the useful methyl-germanium bands of which the meth-1 rock is the 
most characteristic_ The germanium-carbon stretch is genera& stronger and at 
higher frequency than for other a.lkylgerrnanesl-“. with the esception of tmlrs- 
butyIgerrnanium compounds. 

In addition to the various carbon-hydrogen deformations and germanium-carbon 
srretching ~-ibration&b, ethy~gesmanes usuah_v show- characteristic bands (Table 2) 
in the regions 10~0,965,335, and 295 cm-r. Earlier work on Group IV metal alk~-k4~r~8 
suggests thrtt the two higher frequency bands which are often complex, involve a 



--_.--____._ 
_

_
_

_
._

I._
--_

~
.----_

-_
_

-I.I-- 
. 

. 
--.-.-_

.--_
_

._
._

-_
_

_
--~

-_
._

-..-_
-_

_
_

_
_

_
._

_
._

_
_

 

hl O
O

E
 ‘III 

1zE
 

I’ 
1) 

M
 896 

I1
1
 z 1

0
 I 

P
 

h
\
 $

!t‘I 
h

i 
S

E
t’I 

IU
 sgs 

‘1
1
1
 IZ

; 
A

l S
fF 

‘h
i 

i’#
 

‘Ill 
S

&
 

P
 

h
i 

296 
III b

ror 
M

 tzz1
 

1
:; w

tr 
C

l~
l~

!~
~
:>

c(~
iIn

lr~
l) 

A
\
 f6z: 

Ill O
E

L
 

h
i 

116 
1; 0101 

I:: O
lZ

l 
I’ 

1
’ 

y gF
6
1
 

A
 G

lf1 
l1

1
1
(1

B
)“9

1
1
~
1
 

M
 Lrb

r 
1
1
1
 0+

x 

0
 

A
\
 f f s ‘111 OG

S 
lL

I”II3
W

’W
 

1’ 
L

U
 gg6 

9 ($001 
h

i 
L
IZ

I 
A

\
 fj!)C

 I 
I’ 

0
 

p
 

H
gL

S
 

8
 F

cl! 
1
’ 

‘(f flf 
I’ 

h
\
 ozz 

I 
I’ 

I’ 

;; 
;;I; 

I~
V

(~
lltI~

I”:~
C

~
~
) 

h
i 

Z
E

S
 

‘U
l69S

 

cIIcl(c))tIO
w

C
IB

 

I’ 
uxg96 

‘e6oox 
‘60~

01 
h

i 
t’I7

Z
I 

I1
1
 zlF

r 
I’ 

III 
Is+

1
 

0
 

A
\
 S

E
S

 
‘H

O
lS

 

‘; t6z 
; 069 

1
1
1
 z9G

 
:.L

1
0
1
 

b
lltltI~

!~
C

1
~
I 

h
i 

7
f1

: 
I 

IU
 $

f 
I 

III S
,b

I 
8
 zgt1

 

‘6
 S

eF
 

8
0
1
s 

R
 fig 

‘6 co1 
IU

 896 
‘U

I S
oor 

‘8
 6

7
0
1
 

n
E

I”:Y
m

 
hi 

i’fZ
1
 

Ill k
L
f1

 

(I’; 96t 
’ :: E

zC
 

1
1
1
 gstq 

1
1
1
 oc)ter 

hi 91s’ 
‘0 28s 

oq’qy 

H
 G

69 
! 296 

U
,lgtor 

M
 8

1
7
.1

 
hi 

t’i!FI 
1
1
1
 t
i
I
b
1
 

1
1
1
 I
S
h
 

U
I 86~

 
'
I
I
I
 !k

f 
III 8

E
S

 
‘s 

1
g
s
 

u
” 1

oL
 

I1
1
 110 

‘6 0
x0

1
 

‘6
 S

zor 
O

t(“!;cS
B

) 

1
1
1
 L7.7 I 

1
1
1
 UC

 1 
1
1
1
 orb

r 

P
 

M
 ots 

‘1
U

 glS
 

I’ 
hi 

116 
111 

6
 H

S
b
I 

ij 
it0

1
 

A
\
 ff7

1
 

I’ 

‘:‘6
1
or 

I’ 
ill 

7
!)1

’1
 

;Z
[“!P

W
 

W
:Y

llI 
I’ 

U
I E

SS ‘U
I 61s 

I’ 
hi 1

9
6
 

A
l 

If?
1
 

I’ 
I’ 

Ill 
q
b
r 

I’ 
U

I 
o
g
s 

R
 f89 

III 6b6 
‘III 6

1
0
1
 

‘III 
1
7
.0

1
 

h
\

 6
0
7
 I 

I’ 
1
1
1
 16

~
 

I’ 
1
1
1
 ostr 

G
 ~

l:l”!Y
~
ltl 

6
 

7
2
x 

‘III fjss 
I’ 

III H
S

G
 

(J
!xI”llci) 

Ill f 1
0
1
 

I’ 
I’ 

I’ 
1
’ 

Ill S
lJ

S
 

Ifl~
!W

l1
3
P
t7

) 

1
’ 

I’I 
H

8
9
 

h
i 

0
9
6
 

I’ 
I’ 

I’ 
1
’ 

h
\

 c)S
t’I 

l:I;‘!)C
lltl 

. . . .._-_- 
. . - 

.__._ 
_.___.__-l__-..__ 

___- 
-.-_ 

-- 
..-. - 

_.__. “--_.-.^I-.-...-- 
.__.I -._ ..-.-.-- 

- .-__ 
~______._..__..-_-.---.-...__- 

._.. _.__ ..___” .___, 

(D
-1

!J
) n

 
(ell,L

vN
”“S

’ 
(cf1

3
)“‘““sJ

 
(vn

) 
L
 

llm
y 

(C
~
[~

)“‘/
i’“~

, 

-..-.-... . ..^
 u...s...-_...__m

---.. 
.______ 

__.._l__.l-_.-_--_._ 
. ..__.. - .._.-__.. . . - .-..--...- _--._- . ..-._ _-.-- 

.-._ _ . . .._. _._ _._._.._. ___-_-_--__._..-^__ 
. . . _ ..__. 

~._.” .,.,...__ I_ 

S
lIN

V
lI 

Il~
IN

V
lU

il~
I!)‘IA

llL
il 

D
I.l.S

I~
IiIL

:lV
~
IV

II; 



1-G R. J_ CROSS, F. GLOCKLISC 

carbon-carbon stretch and carbon-hydrogen deformations, whilst the two Iow fre- 
quency bands, possibiy Ge-C-C deformations, are broad and frequenti_ masked in the 
presence of phenyIgermaniurn groups. The band near TOO cm-l is probabl>- a methylene 
rock. 

In addition to the normal methy and methylene deformations, two weak bands 
near SSo and STO cm-1 are characteristic of tr-butyIgermanium compounds_ Xost of the 
n-but-lgermanes esamined {Table 3) were liquids. and comparison with the spectra 
of n-propyl and n-but\-Itin compound9~s provides evidence for tram and gauchz 

forms. hak-ing Y(C&C) near 645 and 550 cm-’ respect&ely_ Triphen)-lbutylgeermane 
is a cr)‘stailine solid, urd as such it shox;x the stretching mode of the trans-form only;. 
However, in solution or ZG a melt, it shows both tram and garr& forms. _lbsorption 
bands in the far infrared which are not attributable to phen>-1. benzyl or ethyl groups 
are also &-en in Table 3_ 

The spectra a\--aiIabIe shoiv a claw similarity to isopropy1 bromide for which 
zssiwments ha\-e been made’* (1~66 s. 13S5 IV, 1370 w, 1160 w, IO-S? w, 1on6:. grS w, 

:S$Scm)_ Two strong bands near 20 and 310 cm-1 are probabI>- C-C-C and Ge-C-C 

deformations (Tab!e _~j_ 

CBAZ.ICTERLST:C ISOPROPYr_GEW.iSiC3I B_ISDS 

J_ Organomcfal. Citem.. 3 (Ig65) I$%155 
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The spectra are highly cornpies [the (PhCH.J,Ge bands in (PhCH,),GeCI occur 
at: Iag w. IS69 w‘, Bog w, 1745 w-, 1595 s, I577 xv, I.@S s. I&7 s, 1401 w, 1333 w-, 
131+x, xzSa w, 1250 w, 121s w, 1203 m, II% w, 1155 w, 1145 IV, 1055 m, 1026 xvi 

gg6 w, gSo w, 967 w. gor m, SqS w, S13 w, Soo m, $1 m, 763 s, 694 s, 617 w, 557 w-j 
541 xv, &I m, *Sm. 337~~ 251 m err+]. but a number of bands are strikin& 

characteristic of benzyl-germanium moups. and may be used for characterization 

purposes. Three bands, near SIP, SOS and 775 cm-1, which probably include a CH, 
rocking mode, give a x.er\- characteristic pattern. The germanium-carbon stretch 
occurs near 350 cm-l, and is generally weaker than in the methyl-, ethyl- and but+ 
germanes; two bands are usually observed in compounds having more than one benzyl 
group and these probably correspond to the asymmetric and symmetric.stretching 
x-ibrations. For compounds of the type (benzyl),Ge(akyI)~-n it is not possible to 
distinguish the different types of Ge-C stretch with any certainty and reference is 
made to the earlier tables, where all the possible bands are included. 

The far infrared speck. ::1;0 show bands characteristic of the benzylgermanium 
*soup; of these the medium intensity band at 245 & 13 cm-l is the most useful. Both 
this and the weak band near 335 cm-l are present in benzyl bromide and are absent 
from meth>-lene bromide. 

(PhCH,),GcKl =j3g IV. 540 \\- 
(L’hCH,),GeBr 557 w. 541 \v 
(PhCH.),Ge.\Ic Tzble I 
(PhCH;),GeEt Table 1 
(I’hCH,),GtBu T&k 3 
(PhCH,),Ge 503 \\-. 550 m 
(PhCH,I,GeZ 556 \v. 539 \\- 
:(PhCH,),Ge:,O yjg m, =j+; v- 
(PhCH,),GeH 54 I I\- 
(PhCH,),GeD 563 m. j41 w 
(PhCH,),(;e-SiMe, 554 w 
@‘~ICH,)~C~-G~E~~ d 
(PhCH&e3Ie, Table I 

(PhCH,),GeBu, Tzble 3 
(PhCHAGeH, 
(PhCH;),GeD, 

556 w. 532 I\- 
564 w 

~(PhCH_).MeGe:, Table I 
PhCH,C%i3u, Table 3 
PhCH,GcEt, Tabie 2 
PhCH,GeXIe, TabIe I 
PhCH,GePh, 562 \\- 

Earlier papers on PhJI compoumW1 (>I= Si, Ge, Sn, Pb), phenyl derivatives of 
tin” and triphenylgermyl azide 13 have established frequencies characteristic of the 

J_ Organometal. Chcm.. 3 (1965) 146-155 



T_%BLE 6 

CKARACTERISTIC PHESYLGERX~SIl.ZU B.XiDS 

R. J. CROSS, F. GLOCKLISG 

329s 
323 a.5 
3” a * s 

340 sh,m 32s s 
34osh.m 327 s 

335 s 
3r9s 
326s 
325 s 
312 s 
329 s * 3’” s 

340s 32s m 
3x2s 
314 sh.s 

309s 
314 = 
3x; m 

303 m 
303 m 
275 m 
b 
d 
dgm 
307 m 
zS9 m 
26s s 
b 22s s 
-0 _ Zlb m 
2S+ m 
292 m 
b 
292 m z’5-1 w 
301 m 

J_ Olga-kd. C&m.. 3 (1965) I+-155 
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phen>-Igermanium grouping, which are also absen*ed far the compounds listed in 
Tables 6-S. The Ph,Ge bands in Ph,GeCL occur at: 1965 w, 1S94 m, rS26 w, 1770 W, 
1653 w, 15s2 w’, I&+rn. r*g s. 13S1 xv, 1335 w, 1305 m, 1266 w, 11S3 w, 1159 w, 
rogz s, ro63 xx-, 10~6 xv, 99s m. 971 w-, 917 w, S55 w’, 735 s. 691 s, 676 w, 615 W, 
$63 m, 453 m. 340 sh. 32s s. 2~5 m cm-l. In addition to the absorption patterns 
characteristic of mono-substituted benzenes, the band at xoSg cm-l, one of RandIe 
and \Yhiffen’s “S-sensitke” band+. is stated to be constant for phenylgermanium 
compaundss”~l”_ 1j-e find that this strong sharp band varies from Ia73 cm-1 in 
(Ph,Ge),Pt(PEt,), to Iogg cm-1 in hexaphenyldigermosane, and can overlap the 
positions of the equivalent band in Ph-Si and Ph-Sn compounds. The I+&!$ cm-’ b&d 
hoxveverlx*lh, is constant to within 5 cm-1 far the range of compounds given in Tables 
6-S. In contrast for the band at 450 cm-l, which is reported as splitting in the less 
s~-rnmetrical phenyl derix-ati\-es of Group IV metal+J~, we find the range +Sz-++S 
cm-l. In compounds containin g more than one phenyl group splitting does occur, 
but no pattern is obvious. For example, Ph,GeCl and Ph3GeBr both show two bands 
whereas Ph,GeI shows only one; in compleses ha\rin g triphenylgermyl graups bonded 
to platinum, three bands are observed_ 

PhenyIgermanium compounds show two bands in the 35o-200 cm-1 region. 
The stronger, near 325 cm-’ is highly characteristic of the triphenylgermyl groupxl 
and for the analogous silicon compounds is stated to combine an in-plane ring de- 
formation and the asymmetric JI-phenyl stretchl?. In diphenylgermyl compounds it 
falls at lower frequencies (31+3ag cm-l). The weaker band, w-hi& may involve the 
s_vmmetric Ge-phenvl stretch, is more variable (303-268 cm-l) and shows less splitting 
than has been reported far triphenylsilyl analogues”. The bands near 22s cm-l in 
(Ph,Gef,GeH and (Ph,Ge),GeJle Is have been axribed to the Ge-Ge stretch_ 

Phen?-le~h~-igennan~ ha\-e more complex far infrared spectra; those examined 
(Table 7) have faur bands between 350 and 200 cm-l, two of which are present in 
tetraeth!-Igermane. The band near &a cm-1 is absent from most non-aromatic ethyl- 
ger,manium compounds other than bromotriethylgermane. 

Triphenylgerm>-l-transition metal complexes and the phosphine compounds. 
Ph,Ge-PI%, and Ph,Ge(PPh,j,. show similar complexities in this region (Table S)_ 
Some of the additional ban& are undoubtedl>- due to the phosphine ligands, and ma!- 
aio mclucle the germanium-transition metal stretch. 

_A fee\\- apparentI>- anomalous ban& were found arrong the compounds reported 
in Tables G-S. Ph,GeH. Ph,Ge(Mc)H and Ph,GeBu show a weak band near loo cm-1 
which is absent or estremely \:-eak in all the other compounds;. Ph,Ge(JIe)H also 
Aow~ medium bands at SQ, 656 and 256 cm-1 which are absent from related com- 
pow&. 

TolJ-lgermanes (Table g) contain two bands close to those found in phenyl- 
germanes, near 320 and 2go cm-‘. which mal- also involve the germanium-carbon 
stretch. In addition their far infrared spectra contain bands which appear cbarac- 
teristic of otii~o-, t~ztn- and para-substituents. 
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T-ABLE 9 

(u-TolyI),GeBr .r3S s -113s 
(o-Toly1),GeH 43s * 403 m 
(o-Toi\-l),Ge, 446 s ~07 m 

(m-iofyl),GeH 426 s 3i9 m 
(m--rol>-I),Ge 130 = 3SS m. 373 m 
(m-TciyI)&e= q&s 3i3 m 

(0-T+I),Ge -!3i* 373 m. 3% * 
@-ToI>-l)&+ +Sts 362 m 

305 a.s 
304s. zgr s 
307m. zgr s. 2S6s 

316s. 30s s 
313% 303s 
3x2s. 3o+s 

32s 5, :g+ m 
316s. 3095 

FCSCTIOS_iL GROCPS 

Many organogennanium h_vdrides have been esamined and, in addition to the 
Ge-H stretching frequency near 3100 cm-r. \-arious deformation modes have been 

identikd in simpler molecules (GeH, bend and waglg near 330 and $30 cm-i; GeH, 
rock3-*-’ near 6oo cm-r)_ The germanmm-hvdrogen stretch varies from 2175 cm-r in 

GeH,F,rs to 1053 cm-r in (Ph,Gej,GeHrS. and for many organogermanes the Ge-H 

stretch-has been reIated to the Taft electronegativity coefficients of the attached 

grOi.@=_ Table 10 gives the C-e-H and GcD stretching and deformation frequencies 
for the hydrides and deuterides esamined in the present work. Germanium-deuterium 

deformation modes occur in uncomplicated regions of the spectrum and are easily 
recognised. In contrast for tribenzylgerrnane the germanium-hydrogen bend could 
not be identified, and in other cases onI?- alternative assignment?; were possible. The 

spectrum of solid triphen_vIgermane showed remarkab!e compiesitiej between 700 

and 500 ~rn-~. which were absent from soIutions or the liquid melt, and ma&- be con- 

isePr G-H 
Ph.&H - 

1gSg s ;ros iso-Pr,GcD 1433 s 50s s 
2033 5 79s Ph,GeD 1473 m 526 s 

(c--Tofy1!,GeH 2057rn 497s 
(m-ToIy!),GcH 203.1 m 719s 
i$-Toiyi),GeH 2031 m 731 s or 4SS 5 
(Xk5ityI),GeH ‘033 m TO; m 
[PtCH,j,GeH 203+m - (12KH,)3GeD 1444 d ~;;2 m 
Ph,(l\Ie)GeH “-035 s 307 s 
Ph,(Bu)GeH 202s s 707 S Ph+u)GeD 1345 s 515 s 

(Ph,C+GeH 1953 m 6So s 
Ph,GcH, ro=jx s 866 S. (75s 5 or 723 S). 51 I m 
(PhCH,).GeH, 103; s 
PhGeH;- 

Sti.$ s (TO-$ si) (PhCH.).GeD, r+46m 615 m. 195 m __ 
2042 s ST0 m. S?3 5, $3 iL,m 
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netted with the Q and ? crystallo,~phic forms. Diphenyl- and dibenzylgermanes, 
both of which are liquids, were also complicated in this region. 

Some germanium-halogen stretching frequencies are given in Table II_ Raman 

spectra of se\-eral ethylgermanium chlorides6~y show bands at 300 and 356 cm-l, 
ascribable to rasym(Ge-Cl) and P svm(Ge-CI) respectively. SimiIarly the infrared spec- 
trum of trichlorometh>-!germanne” contains two bands at 430 and 403 cm-l. The 
germanium-bromine stretchin g frequent- covers a wide range and is difficult to 
assign in the phem-lgermanes since it falls in the same region as the characteristic 
phenyl bands (Tables 6-S). In dibromdiphenylgermane the germanium-bromine 
stretch could not be resolved. 

GERX~SIUY--RALOGES STRETCHISG FREQCESCIES 

r(Gc-cl) r(Ge-BY) r(Gr-I) 

iso-Pr,GeCl 
I’h,GCCI 
(PhCH,.,GeCI 
i’h,G&r 
(PhCH&GeRr 
Et,GeBr 
I’h,GeBr, 
I’hGeBrj 
GcEr, 
Ph,Gcl 

369s 
379s 
362 m 

The frequencies attributable to the germanium-ox>-gen stretchvarygreatl- with 
the structure of the molecule. Thus alkox>-germanes21, Ge(ORj4, show two ban& at 
1040 and hSo cm-‘. whilst the trimeric and tetrameric forms of diphen>-lgermanium 
oride” show only- one band at S~O cm-l. In contrast dimethylgermanium oside shows 
x-ariation+ in the band position dependin g on the degree of poIymerisation”, as has 
aIs0 been found for the correspondin g silicon compounds. _A simiIar complexit!- is 
indicated for the isopropyl compound, (iso-Pr,GeO),, in the present work. 

r(Ge-0) 

(Et,Ge),O’ 
(Ph,Ge),O 
;(PhCH,),Ge:.O 
Et,Ge-OP(0)fjhz-s 
(iso-Pr,GeO) .? 

J_ O~gano~~tal_ Chern.. 3 (1965) 146-155 
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-If iscellatzeeus wmpun& 

(PhCH~,G++SiMe, r(G+-Si) probably at 351 cm-1 

Et&+PPa, z$G+z-P) probzbly zzt .+i-) cm-1 

(P-ToIyi),GeCOOH v(Ge-COtH) probably at 571 cm-1 

ESPERIMESTAL 

Spectra were recorded on Grubb-Parsons G.S.z.‘l, Spectromaster and D.JI.z/ 
D-B-3 Spectrometers_ Escept in special cases solids were examined as presss discs in 
potassium bromide or potassium iodide and as nujol mulls. 

Preparations of most of the phenyl’s. tolylz, benzyl2, isopropyl3 and transition 
me:aP-31 compounds are described elsewhere. 

Triphen_\-l~eerm?-Ilithium. from hesaphenyldigermane (-3-5 g) and lithium shot 

(CI.Z~ g) in I,sdimcthosyethane (5 cc), was treated with z-but-1 bromide (1.3 g). 
Hydrolysis and ether extraction gave butyltripheq-llgermane (2.0 g), b-p. x60=/10-’ 
mm, m-p. So-% (z-r methanol). (Found: C. 73-z; H, 6-S. C,,H,,Ge calcd.: C. 732; 
I-i, 6.7 “b-1 ButyItriphenyIgermane is also formed in low yield in the reaction between 
but:-Ilithium and triphenyI,oermane contraq- to earlier reports=. 

~~~f~id~.~lxzri_~i~~.~~;~~~)~~ clxd bui~!diDkzl!~ldz~~i~r~~~~~;~,lz (;-it/x _IIr_ C. _4_ Clarksi 

Diphtnyi~ermane (6.3 s; 27-5 mmolej in ether (IOOCC! was treated at ---IO’ with 
r:-but-I!ithiurn (53 mmole) in pentane (20 ccj. Hydroiy&, after stirring for 4 h gax-e, 
b\- distillation of the ethereal estract. diphenvlgermane, b-p. SO’/IO-2 mm (22 :,A); 

bit>-Idiphen>-igermane, b-p. IZO’/IO-~ mm (2-k g. 36:“). (Found: C, 67.5; H, 7.6; 
Ge, z6.+ C,,H,,Ge &cd. I C, 67.4; H, 7-1; Ge. 25.5 9 -_j -1 fraction (o-g 9). b-p. ISO- 

ZOO’/IO-~ mm, was &cwn by its SMR spectrum to consist mainl_ of the digermanes, 
Ph,Ge(H:Ge(.H)Ph, and Ph,Ge(H!GeiHu)Ph,, formed b>- reaction-: of the t>-pe: 

But_vIdiphen\-Ideuterogermane xv& obtained in 30 ?; >-ield b_v deuterolysis of a 
similar reaction &Lure. 

_\CKSOll-LEDCEMESTS 
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Characteristic infruPd frequencies are reported for a variety of organogermanes 
including al!+. aryls, hydrides. deuterides, halides and o-sides. Germanium-carbon 

J_ oT~acoJn&I_ Ciwn-. 3 (1963) I-)6-155 
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stretching frequencies for tram and gurrc/w forms of n-butyigermanes 
obsen-ed. 

have been 
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