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SUMMARY 

hpid chromatography on silica of high speciiic surface area, the surface of 
which has beep modified by a monolayer, has been used for the separation and anal- 
ysis of &rt.-bt$yl per-esters of sibyl- and germykubstitnted carboxylic acids; with 
increase in the amount of moditier, the elution time of the peroxides decreases. Op- 
timal-conditions for separating such compounds from impurities formed during a 
synfh&ic process have been established. Sekctivi~ coefficients and separation factors 
fdr the peroxides (C~~)~C,~~Si(Crr,)~C(~)~~~C~~)~ and (CK3j3Si(CE&C(Q)- 
OOC(CE& show that the best separation is achieved OEL a column packed with 30% 
of &#?‘-oxydipropionitrile deposited on C-3 Silica gel, i.e., on a dense monolayer of 
this modifier with a high specific surface area. Compounds of the type R3Si(CHt),- 
C&Ii, formed by thermal decomposition of peroxides in nonane solution, have been 
separated by a prepa.r&ive method. 

---___- _-__- - __ ~_____ 

Peroxide compounds are widely used zs polymerization initiators and catalysts 
for various q$hese9. However, the explosive nature aad instability of many com- 
pounds oftfris class necessitate special methods for their arraiysis a@.. p.urifJcation. 
A:method of liquid-solid molecular chromatography on thin layers de’posited OIZ ad- 

-:sorb&~ti of-high specific su15z= area is) appeared to be particularly suitable for this 
purpose, and permitted~the analysis of peroxides (with 8 suitabie ekeat) zt room tem- 

- perattd. AIsO, this methotf provided the possibility of chza-tcterising the impurities 
and Collectkg the pure pero$des on the preparative s&e. This paper describes the 



The investigations were performed OQ a Squid chromatograph usvet 301) 
equipped with a dielectric-constant deector and a staikless-stkei column (67 cm x 
4 mm I.D.)_ The support matkials used were C-3-s&a gel3 (s L 250 m’/g; grain size 
35-50 pm) and Woelm silica gel (s = 260 mz/g; grain size 100 pm). each coated v+th a 
layer of a strongly polar substance Q3,@‘-oxydipropionitrile (B-0?)] or -a less polar 
substance [Carbowax 600 (see ref. 4)] de-posited from chloroform solution. Efution 
was carried out with E-he.xane at room temperature, and samples were injected with a 
VJ-~l syringe. 

RESULTS AND DISCUSSION 

It is known that unmodi6ed silica adsorknts strongly retain complex organic 
substances; this complicates the use s: *- uqrrid-solid chromatography OIL such a&or- 
bents. However, liquid-liquid chromatography has poor selectivity for compounds 
of similar smcture and also exhibits many procedural difficulties. Therefore, for uz 
ir, liquid molecular chromato,mphy, we studied methods of modifying the adsorbent 
in order to decrease retention values while maintaining good selectivity. 

For the liquid chromatography of ferr.-butyi per-esters of silyf-substituted 
carboxylic acids, C-3 silica gel coated with different amounts (5, LO, 20 or 30%) of 
EOP we used. With 5% of BOP, the selectivity was good but the retention time was 
almost ,2 h; IQ this case, molecules of the test substances interacted not only with the 
EOP molecules, but also with uncoated active sites on the gei, and this sharply increased 
the elution times. The best separation of peroxides from impurities was attained on 
a column of C-3 silica gel coated with 30”/, of BOP (see Fig. 1); this coating 
(1.2 mg/&) corresponds to a dense monolayer of the modifie?. In this instance, 
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Fig. 2. Ckomatogram of rert.-butyl per-estexs of s~yLsubstituted cxboxylic acids on Woeh silica 
gel with mdifying Iayer of BOP (1.1 mg$n~. Peaks and operating cmditions 2s in Fig. I. 

Fig. 3 shows that, with separation on a 20% 6Im of the less polar Carbowax 
600 on C-3 silica gel (mean surface concentration -0.8 mg!m?), the retention time is 
shorter than on the BOP fibn and the separation selectivity is diminished. The latter 
phenomenon is due to 8 decrease in the adsorbate-adsorbent interaction. 

The sepvation of tefl.-butyE per-esters of sifytsubstituted carbbxylic acids on 
these coated adsorbtats wzs unuxcessful_ Thus, when a mixture of eight peroxides 
was applied to such a column, oniy two peaks emerged (see Fig. 4); the tit was due 
to ~roxides of the type (CH~)~Si(CH3nC(~)OO~~~~~)~, alrd the second to those of 
the w (eH~)~~~~Si(C~~,a~~(~~~)~. 
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Fig. 3. Chrom&ograq of tert.-butyl peresters of siIykubstituted czrboxylic acids 0x1 C-3 silica gel 
cozted with Carbowax 609 (0.0.8 mg/m’). Peaks and operatiog conditions as k Fig. I. 
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Fig. 4. Chzomatogram of peroxides OQ dBerent adsorbents: (a) on C-3 silica gel with modifying 
layer of BOP (1.2 mg/m2); (b) on Woelm silica gel with modifying layer of BOP (1.1 m&m’); (c) on 
C-3 silica gel with modifying Izyer of Carbowax 600 (0.8 mg/m’). Peaks 4 uld 6 2nd operating condi- 
tions as in Fig. 1. 

TABLE 1 

~COMPARiSON OF SELECXIVITY COEFFICIENTS (r) AND SEPARATION FACTORS (R) 
FOR PEROWES (~~~C~~~Si(CH~~C(O)OOC(CEf3, AND (~~)~Si(~~C(o)ooC(~~~ 

Adsorbent r R 

EOP 012 C-3 silica gel (3075, or 1.2ing/m’) 0.34 2.53 
BOP on Woelm silin gel (30x, or 1.1 mg/m2) 0.33 2.33 
~OWU: cm 0n c-3 silica gd (20% 0r 0.8 mg/raf) 0.24 l-71 

that the Sest separation was achieved on tie column with 30 % of ROP on C-3 silica 
gel, i.e., on a dense moriolayer with a rather large specific surface area. 

The separation of thfxm2kkcomposition procjucts df the per-es&s QX&- 
SiCHz(CH&IHC~O)OOC(CH& and (C~~)~Si~C~~~C~~)OO~~~)~ in non=e 
soIution was also investigaied. Thermal decorkposifi’op of these compoutids &volves 
9 free-radkzd me&mism and results in f&m@xt of a cumplek mixtnre~of products; 
complete sep2ration of these compotids by fractional distilatio~ was not possible. 
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Fig. 5. Cbromatogram of ferf_-butyl per-esters of a germyl-substituted Qrboxylic acid, and related 
UXlipOUdS, 011 c-3 silica gel with modifying layer of BOP (1.2 mg/m’). Peaks: L = (C&i5)aGe- 

(CH&C(OlCI; 2 = (CzHs~,Ge<CHz)rC(O)OOC(C~ h 3 ; 3 = onidentif%d; 4 = (C&&Ge(CH,),- 
C(O)OH; 5 = (cH~),COOH. 

However, quziitative and quantitive analysis of the volatile products of thermal de- 
composition of the peroxides studred was achieved by the liquid chromatographic 
method described here. Pure (CH,),SiCM,(Crr,)CH~,H,, and (CH&3i(CH&C3H19 
obtained through radical re-combination were separated from high-boiling decom- 
position products by preparative l&id chromatography. Thus, liquid chromato- 
graphy OR a dense monolayer depo&ed on an adsorbent cam aid in elucidating the 
m&hanism of complex reactions. 

The proposed method has also been useful in separating the tea-butyl per- 
esters of (triethylgermyl)propionic acid from impurities (see Fig. 5). 
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