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In two previous papers [1, ~] the authors have already dealt with the 
molecular structure of compounds containing phenoxy silicon groups. The 
investigations have been extended to phenoxy silanes substituted in the ortho-, 
meta- and. para position. In the present paper the production and ultraviolet 
spectrophotometric investigation of these compounds will be treated. 

The follo'wing compounds were prepared 

OSi(CH3)3 OSi(CH3)3 OSi(CH3)3 
i i 

rQi-X 
""--.::/ rQl,y © 

z 
'where 

x = CH:!, NO~, Cl: 
Y = CH:1, NO~: 

Z = CHa, :.\O~, Cl, Br, F: 

according to the following schemp: 

According to literary data, the following methods have so far been used 
for preparing phenoxy trimethyl silanes: 

1. Reaction of (CH3hSiCl with the corresponding substituted phenol. 
2. Reaction of (CH3)3SiCl with substituted phenol in the presence of 

pyridine. 
3. Reaction of (CH3hSiOSi(CH3h with substituted phenol, in the pres­

ence of catalytic amount of benzene sulphonic acid. 

* Dedicated to Prof. Z. CseRos on the occasion of his 70th birthday. 
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,1. Reaction of (CH3)3SiNHSi(CH3h with substituted phenol, in thc pres­
ence of the sodium salt of the lattcr. 

S. Reaction of (CH3hSiNHSi(CH3h with substituted phenol in the pres­
ence of (CH3hSiCl. 

The methods of preparation are summarized in Table 1 where also ref­
erence;; are giYen. 

Table 1 

:Methods of preparation of phenoxy methyl silancs 

}Iethod 
Compound 

o-(CHa)sSiOCsH.CHs (3) (3) (10) 
m-(CHs)aSiOC6H4CH3 (3) (3) (10) 
P-(CH3)3SiOCsH4CH~ (3,4) (3) (10) 
o-(CHa)aSiOCsH4Cl (5) 
p-(CHahSiOCsH4Cl (4,5) (10) (12) 
p-(CHa>aSiOCsH.Br (4,5,6) (8,9) 
o-(CHa>aSiOC6H'INO~ (11.7) 
p-(CHahSiOCsH,jNO, (11,7) 
p-(CHa)aSiOCsH4F (4) 

m-Nitrophenoxy-trimethyl silane has not yet been described in litera­
ture. Attempt was madc also to prepare the p-carboxy, p-methoxy and p-amino 
derivatives from hexamethyl disilazane, which was, howeyer, a failure. Neither 
could (p-hydroxyphenoxy)-trimethyl silane prepared, since the disubstituted 
product ,\'as invariably obtained. 

The purity of the compounds was checked by gas-chromatography and 
by comparing theoretical and measured molar refractions. Gas-chromato­
graphic measurements were made by means of a W. Giede 18.2 equipment. 
A column I m in length and 6 mm in diameter filled with 60- 80 mesh Chromo­
sorb W solid support wetted 'with IS r~;) SE-30 methyl silicon polymer was 
used. The temperature of column was 150-300°C. Carrier gas was nitrogen, 
the yolumetric flow rate of which was 55-98 ml/min. 

Ultrayiolet spectra were measured by means of a Spektromom 201 
ultraviolet spectrophotometer, using solutions in cthylalcohol and I cm 
silica cells. Concentrations varied between 10-2 and 10- 5 mole/I. The spectra 
of the compounds studied are presented in Figs I, 2, 3 and 4, while the data 
of absorption peaks are summarized in Table 2. 

To the evaluation of the spectra the data of the ultraviolet absorption 
spectrum of anisole, determined by BURA,YOY and CHA?IBERLAIN [13] have 
been used. These data are given in Table 3. 

The following conclusion can be drawn from the spectra in Figs I, 2, 3 
and 4, and the data in Table 3. The spectrophotometric properties of silicon 



Table 2 

Ultraviolet ahsorption data of phenoxy methyl Hilancs 

Amfix t t·': ).lUl~'i: 1,'1 ?·max 
(UIII) i (~'IH - I) (UIII) (em-I) (mu) 

o-(ClI,)"SiOC"II.ICll" 2t:i 'Hi512 6,J.70 270 37037 <);\0 275 
11I-(Cll");.SiOCflll,IC11 ,, 217 ,!.60B:1 6270 27() :m)37 no 275 
p-(CH"hSiOC"H,ICH" 221 ,1,52,1,<) 7J60 27<1 :16-1,9(, [:l<)() 27<) ! 

()-(CH"hSiOCflH~CI 2[7 '!.608:1 (d,6() 277 , ;16101 24,O() 
p-(CHa),.SiOCflIJ,IC1 226 ,1,,[,2,t.l\ L020() 277 I 3610[ [WO 
p-(CIJ,,),.SiOC,;l I.jBr 226 ! ,1,,12'J,B 12<)00 277 :l610! 12tH 
o-(CH:,),.SiO(:"H,IN02 213 ,1,(i9,Hj 11660 27:1 :16630 , SBIO :HB 
In-(CH:1),.SiOC fl IIIN02 211 .J7:l<):1 12,1,'1,() 229 ,1,:1668 ! 8HO 271 
,1-(Clfa)"SiOC"II.INO, 226 ,1,,1,2,1,8 7250 :111, :IlB,I,7 !O7!O 
p-(Cl I:I)"SiOC"lf.j F 210 ,1,76[<) '1,,[.70 275 %:16,j. 16:10 280 

"~' )'lIlax. 
(t'nc- I) (mll) 

:Hi:IM B60 
36%,1, <)(iO 
a5H,!.2 1:l20 

ZB7:36 :12LO 
:1690() ;'330 :1:10 

3S7!,!. 1550 

I' ~, 

(I'm·· I) 

:10:10:1 1%0 

'" '" 1:<1 

'" "-:: ..., 
--: 
0 
~ 
0 
"l 

~ 
1:<1 
'/, 
0 
/, 
~ 

,~ 
;;; 
~ 
;::; 
u, 
t:: 
~ 
1:<1 
Ch 

00 
,-" 



86 

ragE 

3,5 

3 

2.5 

2. 

1,5 

J. iYAGY et al. 

........ 
.......... 

.... 

-.. -.. 
"- , , , 

'\ , , , 
\ 

\ 
\ 

\ 
\ 

\ 
\ 

\ 
\ 
\ 

OSi(CH3h 

@lN02 

OSi(CH3h 

-© 
-:;02 

05 L.-_~_~ __________________ ~ _____ _ 

ZOO 2Z0 240 260 280 300 320 340 360 380 400 .;fO ), In m) 

Fig. 1. Ultraviolet absorption spectra of nitrophenoxy trim ethyl silanes 
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Fig. 2. Ultraviolet absorption spectra of chlorophenoxy trimethyl silanes 

compounds were found to be similar to those of organic compounds. The ab­
sorption maxima of ortho and meta substituted compounds are nearly at the 
same wave number, while those of the para derivatives are remarkably shift­
ed. This is due to thc higher symmetry of the latter. Studies on the effect 
of lst-order-substituents have led to the following conclusions: In the case 
of compounds substituted in the para position, a bathochromic shift (increase 
in the wave-length) and a reduction in the optical density of the peak in the 
order -CH3, -F, -Cl and -Br can be obseryed ·with both carbon and silicon 
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Fig. 3. Ultraviolet absorption spectra of methylphenoxy trim ethyl silanes 
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Fig. 4. Ultraviolet absorption spectra of p-X-C6H40-Si(CH3h type compounds (where 
X = F, Cl, Br, CH3) 

compounds. Ortho-chloro phenoxy derivatives exhibit a bathochromic shift 
and an increase in the optical density in comparison with ortho-methyl phen­
oxy derivatives, in the case of both series. 

The effect of the 2nd-order substituent NOz can be summarized as fol­
lo·ws. A hypsochromic effect (decrease in the 'wave-length) can be observed in 
the order 0-, mo, po. In the case of the corresponding carbon compounds the 
ortho-nitro compound behaves differently, prohably due to steric effects. In 
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Table 3 

Ultraviolet absorption data of substituted anisoles 

i.ruax 1'''' i.rna..x l'O\. 

(nm) (nm) (cm- 1) 

271.2 36873 1-'Y ,-:> ')"i"';' _I' 36101 1725 
272 36765 1700 278 35971 1650 
277.5 36036 2100 284.5 35149 1800 
274· 36496 2100 281 35587 2100 
281.3 35549 1850 288 34722 1600 
28l.2 35:;62 1500 288 3,t722 1300 
258.5 38685 34.:;0 317.2 31526 2850 
268 37313 6400 .325.2 30750 2,lOO 
305 32787 13000 

both series meta derivatives exhibit the lowest optical densities, while the op­
tical density of para-nitro derivatives is very high. 

Comparing similarly substituted members of the series of organic and 
silicon-organic compounds the following conclusions can be drawn. With the 
exception of the nitro compounds, all substituted phenoxy-methyl silanes 
exhibit a hypsochromic shift and optical density decrease as compared to the 
corresponding substituted anisoles. 'With nitro compounds a bathochromic 
shift can be observed. 

These results are best demonstrated on the basis of the comparison meth­
od by KARAPETIA)1S [14]. In Fig. ;) the ,,'ave numbers ()'*), in Fig. 6 the 

v~(cm"') 

3800 

3600 

3400 ' 

3200 ' 

3000 

'" '" 

,'" 
'" '" '" 

'" 
'" '" 

/ 

'" '" '" '" 

'" 

./" 
~" 

"/~ 
/: . 

./ : "'. 

,," 

2800 1<-_-'-_-'-_---' ____ -'-__ _ 

DOO 3200 3400 3600 3300 :,~, (cm'lj 

Fig. 5. Relationship between the wave numbers of the absorption maxima of phenoxy tri­
methyl silanes and substituted anisoles 

optical densities (8) of the absorption maxima of compounds of identical com­
position are plotted. 

The points in Fig. 5 fall below the 45° line - except for nitro com­
pounds -, i.e. they show a hypsochromic shift. The points for nitro compounds 
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are aboye the 45° line o·wing to the bathochromic shift. Similarly, the points 
in Fig. 6 are aboye the 45° line due to the reduction in optical density. 

The results have been compared to those of methyl silanes presented 
in an earlier paper [1]. Trimethyl phenoxy silane has shown a small hatho­
chromic shift and increase in optical density in comparison with anisole. while 
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Fig. 6. Relationship between the maximum ultraviolet optical densities of phenoxy trimethyl 
siIanes and substituted anisoles 

substituted deriyatives - as already mentioned - a hypsochromic effect 
and reduction in optical density. The data of the ultraviolet spectra can be 
accounted for by the +1 (inductive) and -M (mesomeric) effect of the silicon 
atom, and by the -I and +M effect of the oxygen atom. The combination 
of these four effects results in small bathochromic or hypsochromic shifts. 

It has been shown by ROBERTSON and l\IATSEN [15] that the inductive 
effect of the substituent on the phenyl group changes mainly the coulomb 
integral of the substituted carbon atom, and the inductive effect is also re­
sponsible for the changes in the intensity of absorption. Similarly to the quan­
tum-chemical calculations made for the series of phenyl silanes [16], varia­
tion calculations have been carried out for the phenoxy group. The oscillator 
strength can be determined by means of the following equation: 

/=1.085.10- 5 • J!*' D· G 

where 

)!* wave number of the ultraviolet absorption maximum (the value 
of which was similar in the case of all the compounds studied); 

D transition dipole moment; 
G degree of degeneration (in this case 1). 
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According to the above-said, the transition dipole moment is proportion­
al to the oscillator strength, and intensity, respectively. Thus the change in 
optical density is related to the transition dipole moment. 

In order to study the effect of silicon and carbon atom, one-electron 
LCAO-MO approximation calculations were made for the CeH 50-(phenoxy) 
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Fig. 7. Variation of transition dipole moment as a fnnction of coulomb parameter 

group. The effect of identical substituents at equivalent positions in the ring 
has been neglected, and the effect of silicon and carbon atom has been taken 
into consideration by varying the coulomb integral of the carbon atom at­
tached to oxygen. On the basis of the earlier experience of the authors [2] the 
following coulomb and resonance integrals have been used: 

Cl:o = Cl: 2.92/] 

<: =x + b;) 
(Xe = x 

Peo = 0.69p 
I)'ee 0.931) 

{lee = I) 

(Carbon atom denoted by' is attached to oxygen.) 
By changing the parameter b the transition dipole moment has been cal­

culated. The obtained relationship is demonstrated in Fig. 7. 
As sho"wn by the figure, the increase of the parameter 0 in the range 

b < -0.02 leads to the reduction in transition dipole moment and conse­
quently in the intensity. In the range b > 0, D and c increase with increasing 
o. As shown by earlier results [2], the partial charge on the carbon atom at­
tached to oxygen is higher in anisole than in trimethyl phenoxy silane (0.0140 
and 0.0119, respectively). Accordingly, the coulomb integral (b parameter) 
of carbon atom is higher in the carbon compound than in phenoxy silane. The 
higher intensity of the ultraviolet absorption of trimethyl phenoxy silane as 
compared to that of anisole can be interpreted by the assumption that the 
conditions are suitable on the left side of the absorption band. The lower in­
tensity of the absorption of substituted phenoxy silanes as compared to sub­
stituted anisoles can be explained by the shape of the curve on the left side 
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of the maximum. It is to be stressed that in this case the effect of substituents 
has been neglected, although the symmetry of the ;z; and ;z;* orbitals does not 
change as the number of atoms increases, the orbitals are only shifted. Accord­
ingly, as a first approximation, the calculations gaye qualitatively correct 
results. Precise quantumchemical calculations of the molecular structure of 
phenoxy silanes will be presented later. 

Experimental 

The required amount of the substituted phenol was placed into a three­
necked flask equipped with a mercury-sealed stirrer, reflux cooler and tap­
funnel and hex am ethyl disilazane was added drop·wise. Then the mixture 
was boiled until NH3 evolution ceased. The product was purified by vacuum 
distillation. 
Cresoxy trimethyl silanes 

54.0 g (0.5 mole) of cresol were allowed to react with 44.3 g (0.275 mole) 
of hexamethyl disilazane. Yield: 85-90%. 
Chlorophenoxy trimethyl silanes 

64.3 g (0.5 mole) of chlorophenol were allowed to react with 44.3 g (0.275 
mole) of hexamethyl disilazane. Yield: 85-90%. 
Nitrophenoxy trimethyl silanes 

69.6 g (0.5 mole) of nitrophenol were allowed to react with 44.3 g (0.275 
mole) of hexamethyl disilazane. Yield: 0-: 81 %, m: 70%, po: 79%. 
p-Bromophenoxy trimethyl silane 

96.5 g (0.5 mole) of p-bromophenol were allowed to react with 44.3 g 
(0.275 mole) of hexamethyl disilazane. Yield: 87%. 
p- FluorophenoxJ trimethyl silane 

56.0 g (0.5 molf:') of p-fluorophenol "were allowed to react with 44.3 g 
(0.275 mole) of hexamethyl disilazane. Yield: 82%. The physical data of the 
compounds prepared are presented in Table 4. 

Compound 

Table 4 

Physical data of trimethyl phenoxy silanes 

h.p.C' (Hgmm) 

83-84 (15) 
86 (15) 

84-85 (16) 
95-96 (15) 

102-103 (15) 
no (15) 
131 (H) 
131 (15) 
H3 (13) 

73-74 (15) 

0.9158 
0.912·1 
0.9127 
1.0451 
1.04·15 
1.2498 
1.0922 
1.0890 
1.0994 
0.9954 

1.4769 
1.4767 
1.4770 
1.4921 
1.4927 
1.5122 
1.5062 
1.5078 
1.5261 
1.4591 

55.62 
55.81 
55.82 
55.73 
55.98 
58.88 
57.49 
57.82 
59.00 
50.61 

~1RD 
(calculated) (mlj 

55.84 
55.84 
55.8·1 
55.33 
55.33 
58.21 
58.39 
58.39 
58.39 
50.26 
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Summary 

Compounds of the general composition (CH3hSiOC GHJX (where X = CHz• Cl, N02, 

Br, F) have been prepared from hexamethyl disilazane. The ultraviolet absorption spectra 
of these compounds were considered. Approximation variation quantum-chemical calculations 
have been made for the CGHsO group, then the shifts and optical density changes in the spectra 
have been estimated qualitatively. 
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