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The bas ic  products  of the react ion  of hydrogen sulfide with olefin oxides are  ~-hydroxyalkyl  m e r c a p -  
tans and b i s - ( f i -hydroxya lky l ) - su l f ides ,  which, as is well known, a re  used as s ta r t ing  m a t e r i a l s  for  the p r o -  
duction of p o l y m e r s ,  lubr icat ing oils,  dyes,  p l a s t i c i z e r s ,  biological ly act ive subs tances ,  etc.  In connection 
with the wide use  of the compounds studied, the development  of methods of the i r  analysis  is of p rac t i ca l  and 
theore t ica l  in te res t .  The de te rmina t ion  of the substances  by volumetr ic  methods is well known [1]. How- 
ever ,  in a number  of ca ses ,  espec ia l ly  in the analysis  of mix tures  of products ,  vo lumetr ic  methods cannot 
be success fu l ly  used without p r e l i m i n a r y  separa t ion  of the components .  In recent  y e a r s ,  many methods of 
identif ication and quantitat ive de te rmina t ion  of compounds without the i r  p r e l im ina ry  isolat ion in pure  fo rm 
have been c rea ted  on the bas i s  of t h in - l aye r  ch romatography  (TLC). An advantage of this method is the high 
sensi t iv i ty ,  pe rmi t t ing  the detect ion of a ve ry  smal l  quantity of the substance (down to 0.05 mg). 

In this work,  the compounds to be invest igated quali tat ively were  analyzed by the method of TLC,  using 
a luminum oxide as the sorbent .  For  a quantitative de terminat ion  of the compounds studied we used the 
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Fig. 1. C h r o m a t o g r a m  in a thin l aye r  of A1203 of mixtures :  a) R1SR 1 (1), RISR 2 (2); 
R2SR 2 (3); b) monoaceta te  of R1SR 1 (1), d iaceta te  of R1SR 1 (2); c ) m o n o a c e t a t e  of 
R2SR 2 (1), d iaceta te  of R2SR 2 (2). 

Fig. 2. C h r o m a t o g r a m  of a mixture  of RISR 1, R2SR 2, and R1SR 2. Detector :  f l a m e -  
ionization, column t e m p e r a t u r e  190 ~ injection t e m p e r a t u r e  210~ 1) R2SR2; 2) R1SR2; 
3) R1SR 1. 

Fig. 3. C h r o m a t o g r a m  of a mix ture  of R1SR 1, its mono-  and diaeeta tes .  Detector:  
f lame- ioniza t ion ,  column t e m p e r a t u r e  185 ~ t e m p e r a t u r e  of dose r  210~ 1) monoes t e r  
of R1SR~; 2) d i e s t e r  of R1SR1; 3) R1SR 1. 
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TABLE 1. Rf Values of 
Certain bis - (/3-Hydroxy- 
alkyD-Sulfides, Their  
Es te r s ,  and/3-Hydroxy-  
alkyl Mercaptans 

Substances Rf 

1 i 
R SR 
RISR2 . . . . . . . . . . .  
R~SR 2 
Esters of'il~i~," m'ono-" 

di- 
Esters of RzSR 2, mono- 

di- 
1 RSH ............ 

RaSH . . . . . . . . . . . . .  

TABLE 2. Results of Analysis 
of b i s -  (/3-Hydroxyalkyl)-Sulfides, 
Their  Es te rs ,  and f3-Hydroxy- 
alkyl Mercaptans 

Retention 
time, min 

Substances T~ ~ 
,22 . ~  Oh1 

= >'l 

0,27 
0,42 R'SR ~ . . . . . . . . . . . .  
0,49 RISR z . . . . . . . . . . . .  
0,6t R2SR2 ............ 
0,84 Esters of R2SR 2, mono- 
0,63 di- 
0,78 Esters of RIsR 1, mono- 

0,47 di- 1 0,55 R SH . . . .  �9 �9 o . .  o . ,  
R-SH ............ 

12,33 9,t7 
9,10 8,5 
6,75 8,t7 
5,9 8,2 

7,55 
 042,2 

2,25 2,1 

method of gas - l iquid  chromatography (GLC). We also analyzed the react ion products of H2S with propylene oxide 
bythe  PMR method. In the reaction of H2Swith ethylene oxide, the basic products are /?-hydroxyethyl  m e r -  
captan (RiSH) and bis- (8-hydroxyethyl) -sulf ide  (R1SR1). In the interaction of H2S with propylene oxide, de-  
pending on the site of cleavage of the C - O  bond in propylene oxide, one of the two i somer ic  hydroxy m e r -  
captans (I) or  (II) (R2SH), or  both compounds simultaneously,  can be formed 

CH3 CHa CH8 

[ ICH_CH2 _. [ CH--CH20H ,- CH--CH2SH 

SH (I) O OH (II) 

Analogously, three i somer ic  bis-(f i -hydroxypropyl)-sulf ides (R2SR 2) can be formed. The compounds 
R2SH and R2SR 2, obtained in the react ion of propylene oxide and H2S , were isolated f rom the react ion mix-  
ture by redist i l lat ion under vacuum and identified according to the boiling points and elemental  chemical  
analysis .  However,  these methods did not give any information on the s t ruc ture  of the compounds. 

Together  with the PMR spect ra  of these compounds, we also obtained the spect ra  of R1SH, R1SR 1, as 
well as d ies ters  of acetic acid with R1SR i and R2SR 2 under the same conditions. 

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

Thin -Layer  Chromatography.  Aluminum oxide, "second standard" brand, was used as the sorbent.  
The thickness of the aluminum oxide layer  was 1 mm. Dimensions of the glass plate 13 z 17 cm. The mo-  
bile liquid was a mixture of ethanol and benzene, 1:9 (by volume). The concentrat ion of the substances to 
be analyzed did not exceed 1% for  the bis- (8-hydroxyalkyl) -sul f ides  and 0.1% for t3-hydroxyalkyl mereaptans .  

Al l  the substances were developed with iodine vapors .  In addition, in a number  of cases  qualitative 
reactions were used for the development of cer tain compounds. An aqueous alkaline solution of sodium 
ni t ropruss ide  was used for  the qualitative determination of compounds containing a mercapto group [2]. 
Moreover ,  we established that alcohol solutions of copper ni trate and sulfate, used previously for the quali- 
tative determinat ion of b i s -~ -ch lo roe thy l ) - su l f ide  [3], can be used for the qualitative detection of b i s - ~ -  
hydroxyalkyl)-sulf ides.  Moreover ,  in this case the best  results  were obtained with copper nitrate.  The in- 
vest igated compounds were detected using these reagents by spraying the damp plates f rom an a tomizer  
immediately after  separat ion of the components in a layer  of aluminum oxide. 

Table 1 presents  the results  of a chromatographic  determination on aluminum oxide of b i s - ~ - h y d r o x y -  
ethyl)-sulfide, b is-(3-hydroxypropyl)-sulf ide , /3#3 ' -hydroxyethylhydroxypropyl  sulfide (R1SR2), /3-hydroxy- 
ethyl mercaptan , /? -hydroxypropyl  mereaptan,  as well as es te rs  of acetic acid with R1SR 1 and R2SR 2. Rf 
values of all the compounds were determined with an accuracy  of more than 2%. From the data of Table 1 
it is evident that the values of Rf, for example, for R1SR t, its mono- and d ies ters ,  vary  according to the 
variat ion of their  adsorption capacity, which decreases  with the success ive  introduction of two es te r  groups 
into R1SR i, according to the general  rules of [4]. 
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Figure 1 presents chromatograms of three different mixtures of organosulfur compounds. The chro- 

matogram a presents the results of an analysis of the products of the reaction of propylene oxide with H2S 
in the presence of RiSR I. The chromatogram was developed for the detection of RSR. 

The three bis-(fl-hydroxyalkyl)-sulfides were identified according to the values of Rf and according to 
qualitative reactions (data of Table I). The chromatograms b and c present the results of an analysis of 
the products of esterification of RiSR i and R2SR 2 by acetic acid. In this case, mono- and diesters of the 
corresponding RSR were detected in each mixture. 

Gas-Liquid Chromatography. The investigated bis-(B-hydroxyalkyl)-sulfides and their esters with 
acetic acid are high-boiling liquids; these substances are thermally unstable. Thus, for example, RISR I de- 
composes at a temperature of 216 ~ These circumstances are responsible for the difficulty of selecting 
optimum conditions for analysis. It was found that the temperature of injection in the analysis of sulfides 
should not exceed 210 ~ since at a higher temperature false peaks appeared as a result of decomposition of 
the investigated compounds. The best temperature for the column proved to be 185 ~ In the analysis of p- 
hydroxyalkyl mercaptans, the optimum column temperature was 90 ~ temperature of injection 110 ~ Of the 
stationary phases that we investigated, the best proved to be polyethylene glycol adipate, which permitted 
the separation of all three bis-(fi-hydroxyalkyl)-sulfides, as well as their mixtures with the corresponding 
mono- and diesters of acetic acid. The analysis was conducted on a Tsvet chromatograph, using a flame- 
ionization detector. The rate of flow of nitrogen was 125 ml/min, column length 1 m. The amount of the 
stationary phasewas 15% of the weight of the solid carrier (Celite C-22)o 

The results of an analysis of the investigated compounds are cited in Table 2. Data obtained with 
polyethylene glycol adipate and Apiezon-L are cited for comparison; as canbe seen from Table 2, the latter 
cannot be recommended for the analysis of the investigated mixtures. Figures 2 and 3 present chromato- 
grams of a mixture of three bis-(fi-hydroxyalkyl)-sulfides, as well as a mixture of RISR 1 with its mono- 
and diaeetates. As can be seen from Table 2 and Figs. 2 and 3, a good separation of the initial components 
of these mixtures is observed on polyethylene glycol adipate. 

PMR Spectra. The PMR spectra were taken at room temperature on a JNH-3H-60 spectrometer with 
a working frequency of 60 MHz. The samples for obtaining the PMR spectra were 50% solutions in CCI4, 
C6H6, and D20; hexamethyldisiloxane was used as the internal standard, and for aqueous solutions dioxane. 
The scale of the chemical shifts was constructed in units of 6, ppm (relative to hexamethyldisiloxane). The 
spin-spin interaction constants (SSIC) were measured in a frequency development system with stabilization 
according to the working sample. The accuracy of measurement of the chemical shift was ~0.02 ppm, and 
the SSIC * 0.05 Hz. 

The values of the chemical shifts and SSIC in ~he PMR spectra of the investigated substances are 
cited in Table 3. An analysis of the PMR spectra and the data of Table 3 supports the occurrence of the re- 
action of H2S with propylene oxide with the formation of a/3-hydroxy mercaptan and a dihydroxydialkyl sul- 
fide with the sulfur atom at the primary carbon atom. 

The authors would like to thank L. N. Naumova for her aid in conducting this work. 

CONCLUSIONS 

1. The possibility of a qualitative analysis of ~-hydroxyalkyl mercaptans and the corresponding sul- 
fides, formed in the interaction of ethylene and propylene oxides with hydrogen sulfide, by the method of 
thin-layer chromatography on aluminum oxide was studied. A method of detection of the spots of the com- 
pounds to be analyzed, using reagents giving qualitative reactions for mercaptans and hydroxyalkyl sulfides, 
was proposed. 

2. A method was developed for the analysis of the reaction products of hydrogen sulfide with ethylene 
and propylene oxides, as well as esters of bis-(3-hydroxyalkyl)-sulfides and acetic acid, by the method of 
gas-liquid chromatography. The possibility of separating mixtures of the indicated compounds was dem- 
onstrated. 

3. The structure of the reaction products of hydrogen sulfide with propylene oxide was established by 
the PMR method. 

1. 

2. 
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