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When tetraphenylhydrazine (TPH) is heated, it decomposes  to diphenylaminyl radicals  [11. The decomposi-  
tion rate of TPH in the presence  of acceptors  of Ph2N" radicals  was studied in [2-4]. Since TPH is frequently 
used as a source of Ph2N" radicals  [5], it is neces sa ry  to know the decomposit ion rate of TPH under  conditions 
where the acceptance of these radicals  is absent. The kinetic rules for the decomposit ion of TPH in inert  sol-  
vents, like CC14 and n-heptadecane,  were studied in the present  paper.  

E X P E R I M E N T A L  

The crystal l ine TPH was synthesized by the oxidation of diphenylamine (DPA) with KMuO 4 in acetone [6]. 
The CC14 (very pure) was purif ied by passage through an A1203 column and subsequent distil lation in argon. The 
diphenyl e ther  (DPE) and DPA were r ec rys ta l l i zed  f rom hexane (208~C) and toluene, respect ively.  

The decomposit ion of TPH was studied at 348 �9 0.15~ in glass ampul reac tors  in an argon atmosphere.  
The chromatographic  analysis  for THP was run on a 30 • 0.8 cm glass column packed with sil ica gel (Chemapol, 
65 • 5 p). E ther  -hexane  mixtures were used as the eluant. The eluate escaping f rom the column passed through 
a continuous-flow cell (40 #1), which was mounted in the cell assembly  of an SFD-2 speet rophotometer  that was 
connected to an automatic r ecorder .  The eluate was collected In suspended rece ivers ,  the volume ofthe escaping 
zone was determined (based on the density of the eluant) and the UV absorption spect ra  were recorded on a 
Specord UV-V1S ins t rument  (the cell  thickness was var ied  f r o m  10 to 40 mm). The analysis e r r o r  was J:3%. 
When the [TPH] exceeded 0.005 mole/ l i te r ,  the analysis  was run on a Specord 75 IR spectrophotometer ,  using 
for  this the intensity of the narrow band at 599 cm -1, and here  the analysis  e r r o r  was i 5%. 

D I S C U S S I O N  OF R E S U L T S  

The TPH decomposit ion rate is descr ibed  by the rule for  a f i r s t - o r d e r  react ion (Fig. 1)., and the constant 
for the decomposit ion rate in CC14 is independent of the initial TPH concentrat ion in the range (1- 50) �9 10 -3 
mole / l i t e r .  The decomposition of TPH is somewhat  more rapid in n-CITH3s than in CC14, and the decomposit ion 
is also accelera ted  in the p resence  of DPE; the addition of DPA to the s tar t ing sys t em has no effect on the TPH 
decomposit ion rate (Table 1). The decomposi t ion of TPH in e i ther  n-heptadecane or CC14 in the presence  of 
DPE is not accompanied by the format ion of the amine Ph2N-C17H35 or  bythe consumption of DPE (shown by 

TABLE 1. Dependence of k and k2/k_ i on the Medium, Initial TPH 
Concentration, and Presence  of Acceptors  of Diphenylaminyl 
Radicals (348"K) 

Medium 

CCIr 
CCla 
CCla 
CCIa 
CCla 
CCIa 
n-CiTH36 
CCI~ 
C6H6 
C6HsCH3 
o-CsH,C12 

Additive [ [TPH]o 

mole/liter 
h- t 0 ~, sea -1 

[DPE]o ~4,21. iO -s 
[DPE]o =0,79 

[DPA]o:=4,2t-10 -3 

[Ncozene-D]o,=4,0,t0 -3 
[DPPH-H] 0 ~(5-50). 10 -4 
[DPPH-H]0 = (t,9-12). 10 -~ 

NO~pNo=0,t-t arm 

i.1O -3 
5.10-3 

4,90.10 -2 
5.t0-~ 
5.10-~ 
5.10-3 
!.10-3 
5.10 -~ 
1.10-4 

(1-3) -t0 -4 
(2-4,5) .10 -2 

6,36-*0,95 
5,90-+0,77 
6,60• 
7,01:e0,33 
7,91:e0,77 
6,22:e0,53 
8,64:e0,35 
14,8-+0,37 
i5,0 [2] 
20,05 [31 
20 [4] 

0,75 
0,66 
0,78 
0,90 
t,15 
0,72 
t ,40 
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Fig. 1. Kinetic curves for consumption of TPH in inert 
solvents at 348~K in semilogarithmic coordinates: I) hep- 
tadecane, [TPH]0 =i �9 10 -3 mole/liter; 2) DPE (0.79 mole/ 
liter) in CCI4, [TPH]0=5" i0 -3 mole/liter; 3) CC14, [TPH]0 = 
4.90" 10 -2 mole/liter; 4) CC14, [TPH] 0=5" 10 -3 mole/liter. 

chromatography),  and hence it follows that react ion between the Ph2N" radical  and these compounds ~s absent 
at 348~K. 

The addition of a f r ee - r ad i ca l  acceptor  to the solution grea t ly  acce lera tes  the TPH decomposit ion; for  
example,  the addition of 0.004 mole / l i t e r  of N-phenyl-2-naphthylamine (Neozone D) increases  the decomposit ion 
rate constant (k) up to 14.8" 10 -5 instead of 6.3" 10 -5 sec "l without the acceptor  (see Table 1). Apparently, a 
par t  of the Ph2N" radicals  recombines  with the formation of TPH, while the addition of an accep tor  of these rad i -  
cals prevents  the recombination,  which also acce le ra tes  the TPH decomposition. As a f i r s t  approximation the 
decomposit ion of TPH in inert  solvents can be depicted by the following scheme:  

Ph~NNPh~ ~ ~ 2Ph~N" ~ products 

According to this scheme, the exper imental ly  measured  rate constant for the decomposit ion of TPH is 
k=klk2/(k_l +k2) , f rom which can be found the ra t io  k2/k_ l =k(k i - k). In the calculations it is assumed that k i = 
15 �9 10 -5 sec -1 (see Table 1). This value was obtained in the p resence  of a radica l  acceptor ,  where the recombina-  
tion of the Ph2N" radicals  is suppressed.  The k2/k_ 1 values are given in Table 1, f rom which it can be seen that 
these constants are commensurate .  The k 2 value should be regarded  as being an empi r ica l  cha rac te r i s t i c  for 
the consumption of the Ph2N' radicals  by various reactions,  except  recombination with the formation of TPH. 

The obtained kinetic data are  not in agreement  with the concepts of the induced decomposi t ion of TPH [7]. 
It can be shown that if the decomposit ion of TPH proceeds by the mechanism of rad ica l  substitution on the 1~ 
a tom [7], while destruct ion of the radicals  proceeds  via the i r  squa.~ed recombination,  then the initial decomposi -  
tion rate should depend in the following manner  on the initial TPH concentrat ion:  

V 0 ~ k a V k _ ~  TPH]o" 

where k 3 re fe r s  to the react ion TPH +Ph2N'--* Ph2N'+produets.  

Our data show that vo TPH N [TPH]o" In addition, in induced decomposit ion the addition of an aceeptor  of 
Ph2N" radicals  should lower the TPH decomposi t ion rate, whereas  the opposite effect is observed exper imental ly  
(see Table 1). 

The author thanks E. T. Denisov for valuable discussion. 
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C O N C L U S I O N S  

The decompos i t i onof  te t raphenylhydraz ine  in iner t  media at 348~K proceeds  not as an induced, but instead 
as a p seudomonomolecu la r  p roces s ,  with decomposi t ion r a t e  constants  of 6.3 " 10 -5 and 8.6 " 10 -5 sec  -I in CCI 4 
and n-heptade cane, r e spec t ive  ly. 
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The reac t ion  of formaldehyde with H2S has rece ived  little study. Patent  data mainly exist ,  in which it is 
indicated that  polymethylene sulfide is formed in 92-98% yield [1, 2]. 

We found that the ra te  of the uncata lyzed reac t ion  of formaldehyde with HaS is v e r y  close to that  of the 
r eac t ion  that  p roceeds  in the p r e s e n c e  of an alkaline ca ta lys t  (Fig. 1), with a subs tant ia l  dif ference in the yield 
of the p o l y m e r  (16 and 83%, respec t ive ly) .  This can be explained by the par t ic ipa t ion  of the in te rmedia te  com-  
pounds in the reac t ion  and the i r  subsequent  catalyt ic  convers ion  to polymethylene sulfide. To ve r i fy  this a s -  
sumption,  we isola ted and studied the products  of the uneata lyzed reac t ion  of CH20 with H2S. The t r ea tmen t  of 
an H2S-saturated solution of CH20 with e the r  gave d imercap to  sulfide and a high yield of formthional ,  while the 
reac t ion  of a sa tu ra ted  CH20 solution with amines  gave a complex mixture  of aminomethyl  der iva t ives ,  on the 
bas i s  of whose fo rmat ion  it could be judged that  ol igosulfides w i t h -  (-CH2SCH 2 S C H 2 - ) -  a n d -  ( -CHfSCH 2 �9 
OCHfSCHf-  ) - f r a g m e n t s  also take pa r t  in the reac t ion .  

To a s c e r t a i n  the c h a r a c t e r i s t i c s  of the react ion,  we studied the polycondensat ion of formthional .  H2S is 
not l ibera ted  when formthional  is condensed in the p r e s e n c e  of NaSH, but the concentra t ion of the mercap to  
groups  in solution s teadi ly  d e c r e a s e s ,  with a constant i nc rea se  in the yield of the insoluble polymethylene sulfide 
(amount of S =65.3 wt. %). H2S is a l so  absent  in both the gas phase  and the reac t ion  mass  when the condensation 
is  run  as  a mel t  (120 ~ 5-10 h), but the l ibera t ion of wa te r  was observed,  the amount  of which was inve r se ly  
p ropor t iona l  to the concentrat ion of the thiyl groups.  The p re sen t ed  data p e r m i t  proposing the following scheme 
for  the r eac t ion  of formaldehyde  with hydrogen sulfide: 

CH20 -~ HfS --~ HOCH2SH --~ HOCHfSCH~SH (1) 

nHOCHfSCH~SH c ~  nH~O + ~ ( ~ C H f S N ) ~  (2) 

A kinetic study of the polycondensat ion of formthional  d i sc losed  a l inear  re la t ionship between the ini t ial  
r eac t ion  ra te  and the formthional  concent ra t ion  (Fig. 2, line 1), which tes t i f ies  that the reac t ion  is f i r s t  Order 
in monomer .  The re la t ion  between the reac t ion  rate  and the concentra t ion of OH- ions is also l inear  (see Fig. 2, 
line 2), which indicates  that  the reac t ion  is f i r s t  o rde r  in catalyst .  
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