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   The cleavage of Si-H bond of hydrosilanes by the action of alkali has already 

been found by A. Stock and co-workers,1 and F. P. Price) has also reported that 

the reaction rate of trialkylsilane with alcohol solvent was studied and that the 

cleavage of Si-H bond proceeded with a nucleophilic attack of hydroxyl ion. 

   On the other hand, the study on this cleavage reaction in the presence of acid 

has not yet been reported, beyond the discovery by Post3) of the fact that the de-

composition of trialkoxysilane was promoted in the presence of HC1. 

   As we found previously') that alkyl silanes were also decomposed by HC1 easily 

in polar solvent, we performed this work to clarify kinetically the mechanism of this 

cleavage reaction of Si-II bond. 

   In this paper, the experimental results about the decomposition rate of triethyl-

silane in the presence of HC1 are reported ")). 

                        EXPERIMENTAL 

                               1. Preparation 

   Triethylsilane used in this investigation, was prepared by adding an appropriate 

amount of trichlorosilane to ethylmagnesium bromide. Its purity determined by the 

decomposition with sodium hydoxide was 99.59 and b. p. 107-108°C.°) 

   Ethyl alcohol was mainly used as the solvent. It was purified by the ordinary 

method and then carefully dried. 

   As alcohols other than ethyl alcohol, n-propyl alcohol and n-butyl alcohol were 

used, and benzene, acetone and dioxane were also used as solvents, and all these 

were purified in the ordinary way. 

   As the catalyst, HC1 was used, which was refined and dried in gaseous state and 

then absorbed in solvents. 

                        2. Experimental Method 

   The kinetical runs were made as follows by the apparatus shown in Fig. 1. 

   At first, the silane and solvent (alcohol) including a certain amount of HCI 
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                                      Fig. 1. 

were placed separately in the reaction tube R, and after attaining to the reaction 

temperature, both were mixed and the volume of gas, evolved with the progress 

of the reaction, was read by the attached burette B at regular intervals. The gas 

evolved in each run was mainly hydrogen (more than 97%), sometimes containing 

hydrocarbon but in small amount. 

   In the case of alcohol solvent, the total volume of gas  evolved until the com-

pletion of the reaction was ca. 99% of the theoretical value calculated from the 
amount of silane, and the change of concentration of HCI in the reaction system was 

almost negligible throughout the reaction. Then it is considered that the main reaction 

in this case proceeds stoichiometrically as follows 

(Et) 3.SiH+HC1= (Et) 3 °SiCI+H2 1 

(Et)3 °SiCI+ROH = (Et)3 •SiOR+HCI 

Accordingly, in the presence of excess alcohol, the amount of hydrogen evolved 

corresponds to that of the reacted silane. 

   The induction period was observed in the initial stage of the reaction under the 

condition of low concentration of silane at low temperature, but when powdered glass 

or KCI was added in the reaction tube, the induction period was so shortened as to 

become negligible. Though the nature of this induction period is not clear in detail, 

it is obvious that this is of heterogeneous nature. However, the main course of the 

reaction after the induction period was not affected by the addition of these com-

pounds or by increasing the surface area of the reaction tube. 

                    EXPERIMENTAL RESULTS 

1. The Reaction Order for Silane 

   One example of the experimental results measured in the presence of HC1 2. 1 

M in ethyl alcohol is given in Table 1. The rate constants k1 calculated as the first 

order reaction for the concentration of the silane remained almost satisfactorily con-

stant up to about 60% completion. 
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                                  Table 1. 

(Silane)o : 1.373 M (HC1)o : 2.10 M 

                          in C2HaOH at 50°C 

    Time (min.)Reaction %k1 (min.71) 

00-
   55.150.0131 
   12.515.40.0132 

   1720.60.0136 
   2529.60.0140 
   3336.80.0139 
   4042.50.0139 
   5551.30.0136 
   6557.30.0131 
   8164.30.0127 
   9067.60.0125 

                                                 Average value : 0.0133 

   Next, varying the concentration of silane within the range of 0.373 and 0.0933 

M, we found the linear relation between log {VF/(V,,- V,)} and t in each run, 

where VF is the volume of gas evolved at completion of the reaction and V, is that 

at the reaction time t, as shown in Fig. 2. 
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                                  Fig. 2. 

   Owing to the difference in the length of the induction period, the position of 

the plotted straight lines shifted slightly, but those inclinations agreed well with 

each other, and the fixed first order rate constant was obtained from these incli. 
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        nations. 

          Thus, the first order rate constants, h, at 40, 45 and 50°C were obtained respect-

      ively at the concentration of HCI 2. 1 M and the activation energy E and the fre-

      quency factor A calculated by the Arrhenius equation are given in Table 2. 

                                        Table 2. 

(HCI)o:2.10M 

(Silane]u : 0.373-0.0933 M 

          Temp °Ck1 (min.-1) 

     400.00611 
     450.00878 
     500.0133 

         E (kcal. /mole)15.9 

         log A (min.-1)8.92 

                            2. The Reaction Order for RCl 

         The relation between the first order rate constant, k1, and the concentration of 

      HCI, CHC1), in the range of 0.0425-2.10 M was investigated and the results are 

      shown in Table 3. 

                                        Table 3. 

(HCI)0 (M)* f 25°Ck, 50°C (min.-1) 

         0.0425 0.380.0000600 
        0.08500.310.000158 

                     0.127                      0.28 0.000255 
        0.1700.270.000362 

       0.5250.180.00112 
       1.050.150.00374 
       1.570.140.00770 
       2.10 0.130.0133 

           * f was calculated from y at 25°C of H. I-Iartley7). 
          This is scarcely affected by the temperature in the range of 20-40 °C, and thus it 

          may be assumed that the activity coefficients of 1101 in the reaction system under 
          the condition of this experiment will be approximately equal to these values. 

         Now, the activity coefficient f of HC1 in ethyl alcohol varies with its concentration 

      as given in the 2nd column of Table 3, and then, under the consideration of such 

      a change of the activity coefficients, we know that the reaction order for the activity 

      of HC1 is approximately of the 1.99th order from the plot of log h, against log 

(CHCI) xf) as illustrated in Fig. 3. From this, it is deduced that the rate of this 
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reaction is proportional to the product of the activities of H} and Cl- in the reaction 

medium in which HCl has been completely ionized. 

                     3. The Influence of Solvent 

   The experimental results in some solvents are given in Table 4. 

                             Table 4. 

                        Effect of Solvent 

       Solvent(HC1)o (M) kl 50°C (min.-1) 
                                    (initial)----------------- 

  Ethyl alcohol1.050.00374 

   n- Propyl alcohol1.050.00433 

  n-Butyl alcohol1.050.00490 
    Ethyl alcohol 50% (vol.))1

.050.00362      +benzene 50% 

    Ethyl alcohol 25% (vol.)}1 .050.00333      +benzene 75% 
  Benzene0.10no reaction 

  Acetic acid6.0no reaction 
  Dioxane2.10ca.0.003 

  Acetone2.10ca.0.64 
  Ethyl alcohol2.100.0133 

    Ethyl alcohol 98% (vol.)
})2.100.0132   +water2% 

(Silane)o : 0.373 M 

   In cases of the alcohol solvents, the reaction rates were relatively large in n-butyl 

alcohol and less in n-propyl- and ethyl alcohol in that order, but the difference was 

not noticeable. 

   Effect of a small amount of water added to ethyl alcohol was negligible on Ithe 
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rate. 

   In benzene-alcohol mixtures, the rate constants became smaller as the amount of 

benzene increased. 

   In the solvents other than alcohol, the concentration of HC1 in the reaction 

system decreases as the reaction proceeds, therefore the solvent effect on the cleavage 

rate must be examined by comparing the initial specific rates in these solvents. 

   In pure benzene and in acetic acid which contained 0.1 M and 6.0 M of HC1 

respectively, silane hardly reacted with HC1, and also in dioxane the rate was very 

slow. 

   According to the report of F. Halls) , the activity coefficient of HCl is small in 

acetic acid and increases in dioxane and in alcohol in that order, therefore variation 

of the activities of HC1 in these solvent coincides qualitatively with the change of 

the rates of this reaction. 

   These results have revealed the fact that ionized HC1 mainly takes part in the 

cleavage of Si-H bond of the silane. 

   In acetone, the reaction proceeded more rapidly than in ethyl alcohol, but most 

of the hydrogen produced was consumed for the reduction of acetone, and only a 

part of the hydrogen evolved in gaseous state. 

   It is very significant that the nascent hydrogen produced by this cleavage reaction 

is effective as the reducing agent. 

   The details of the reaction mechanism will be discussed in the next paper. 

                        SUMMARY 

   The rates of the cleavage of Si-H bond of triethylsilane in the presence of HC1 

were measured in alcohol and in some other solvents. 

   In alcohol, this reaction rate was of the first order for the concentration of the 

silane, and the first order rate constant k1 obtained at the concentration of HC1 2.1 

M in ethyl alcohol was given by the following equation at the temperatures 40-50'C. 

                log k1= 8.92 - 15900/4.5T (1 /min.) 

   This reaction rate in ethyl alcohol was approximately of the 1.99th order for 

the activity of HCl in it, and from this it was deduced that this reaction rate was 

proportional to the product of the activities of H+ and Cl-. 

    Moreover, from the comparison with the results in some other solvents, it was 

ascertained that ionized HC1 mainly took part in this cleavage reaction. 

                       ACKNOWLEDGEMENTS 

   We wish to express our sincere thanks to Mr. M. Murai and Mr. N. Morishima 

rof their earnest cooperation throughout this work, and we are also indebted to the 

Ministry of Education for the Grant in Aid for Scientific Research. 

(265)



              Akira  TAKETA,Makoto KUMADA and Kimio TARAMA 

                        REFERENCES 

(1) A. Stock : Ber ., 50, 70 (1917). 
(2) F. P. Price : J. Am. Chem. Soc., 69, 2600 (1948). 
<3) H. W. Post : J. Org. Chem., 13, 280 (1948). 
(4) M. Kumada, K. Tarama : J. Chem. Soc. Japan, Indust. Chem.Sec. 54, 769 (1951). 
(5) This result was reported at the 5th meeting of the Chemical Society of Japan on 

   April, 4, 1952. 
<6) C. A. MacKenzie, A, P.Mills and J. M. Scott : J. Am. Chem. Soc., 72, 2032 (1950). 
(7) H. Hartley : Phil. Mag., (6) 50, 729 (1925). 
(8) F. Hall : J. Am. Chem. Soc., 56, 1462 (1934). 

( 266 )


