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Mixtures of eyclosiloxanes eontaivAng 3, 3, 3-trifiuoropropyl(methyl)- 
and dimethyleyclosiloxanes units, are separated by vacuum distilla- 
tion and GLC. Three hitherto undescribed compounds are isolated and 
characterized. Six new cyclosiloxanes are identified by indirect m e -  
thods, in cuts which are mixtures. Chromatography and fractional 
distillation give results which are in satisfactory agreement. 

It was previously  repor ted  that a mixture  of cyclo-  
s i loxanes,  consist ing of 3 ,3 ,3 - t r i f luo ropropy l (me th -  
yl)si loxane components (if) and dimethylsi loxane ones 
(D) can be obtained by catalyt ic  r e a r r angem en t  of the 
products  of joint hydrolys is  of 3 , 3 , 3 - t r i f l u o r o p r o -  
pyl(methyl)dichlorosi lane and dimethyldichlorosi lane 
(mole rat io  1:1). F r o m  the mixture  of products  were  
isolated [1] the following individual cyc lo te t ras i lox-  
aries: ~D3, 'bzD 2, ff3D, and the cyclopentasi loxane 
�9 3D 2. Subsequently conditions for  analyzing this mix-  
ture by high t e m p e r a t u r e  GLC were  chosen, and of 
the 18 peaks on the ch roma tog rams  only 12 could be 
interpreted.  

In the presen t  work the above mix ture  of cyclos i l -  
oxanes was separa ted  by vacuum distillation. The 
s ta r t ing  mix ture  and all the cuts were  analyzed chro-  
matographical ly .  The individual compounds were  
isolated,  and among them 1 ,3-b is  (3 ,3 ,3 - t r i f l uo ro -  
p ropy l ) -1 ,3 ,5 ,  5 - te t ramethy lcyc lo t r i s i loxane  (~2D), 
bis (3 ,3 ,3 - t r i f luoropropyl )oc tamethy lcyc lopentas i l -  
oxane (ff2D3), and 1, 3 , 5 , 7 -  (3 ,3 ,3 - t r i f luo ropropy l ) -  
1, 3 ,5 ,7 ,9 ,9 -hexamethy lcyc lopen tas i loxane  (ff4D) (Ta- 
ble 1). F r o m  the chromatographic  analysis  data p r e -  
viously given [1], 3 ,3 ,3 - t r i f luo ropropy lhep tame thy l -  
cyclo te t ras i loxane  (~D3), 1 , 3 , 5 - t r i s  ( 3 ,3 ,3 - t r i f l uo ro -  
p ropy l ) -1 ,3 ,  5 ,7 ,7 -pen tamethy lcyc lo te t ras i loxane  
(~3D), and t r i s (3 ,3 ,3 - t r i f l uo ropropy l )hep tame thy l -  
cyclopentasi loxane (~3D 2) a re  obtained purer .  Table 
1 gives the i r  p roper t i e s .  

Compar ison  of the boiling points of some cyc los i -  
loxanes shows that on pass ing  f rom ~mDn to ~m+lDn-2 

Compound 

(i. e. on rep lac ing  2 units  D by one unit ~) there  i s  
l i t t le  change in the boi l ing  point. At the s a m e  t i m e  it 

d;3~D 

b 

:PzDs 

Fig. 1. Chromotagrams  of in te r -  
media te  cuts (Griffin chromato-  
graph,  He ra te  1 . 9 / / h r ;  p r e s -  
sure  at column outlet 30 ram): 
a) 55.7 ~ (1 ram) cut; band ra te  
5 ram/rain;  column t empera tu re  
172~ b) mixture  of cuts 8 6 . 3 -  
97.6 ~ (1 ram) and 100 .2-103 .6  ~ 
(1 ram); 15 m m / m i n ,  column 
t empera tu r e  203~ c) cut 106 .6 -  
118.3 ~ (0.2 ram), band ra te  5 
ram/ra in;  column t empera tu r e  

202 ~ . 

emerged  that ~m+lDn-2 comes  off the chromatograph  
column immedia te ly  af ter  CmDn. This made it pos -  
sible to make assumpt ions  regarding  the unknown com-  
ponents of some mixed cuts,  obtained by fract ional  
.distillation (Fig. 2). The specific re f rac t ion  R D, mean 
molecu la r  weight M, and elemental  composit ion cal -  
culated using these assumptions  are in sa t i s fac tory  
agreement  with the exper imenta l  data {Table 2). 

Thus,  all the components of the mix ture  of 3 , 3 , 3 -  
t r i f luorepropyl(methyl)dimethylcyclos i loxanes  inves-  
t igated were  e i ther  isolated pure or  identified in 

Table 1 

P r o p e r t i e s  of 3 ,3 ,3 -Tr i f luoropropyl (methy l )d imethy lcyc los i loxanes  

Calcu- 
lated 

MR o I - -  Elemental corn 

C I Found H Found Calcu- Found Calcu- Calcu- 
lated lated lated 

386,5 I 74-76 1 74.62 1 31.7 
534.7 I 112.07] 111.901 31.3 
698.8 I30.481 130.60 1 30.8 
378.5 83.511 83.91 I 31.2 
542.6 102.49 102,61 30.6 
616.6 I 121.51 121.25 31.8 

31,2 5.2 
31.4 6.3 
31.0 5.8 
31.7 6.4 
31,0 5,0 
31.2 5,5 

5,2 
6.6 
6.3 
6.6 
5.0 
54 

,osition, % 
F 

Found Calcu- 
lated 

28.8 "29.6 
21,1 21,3 
31.9 32,6 
16.0 15.1 
31.7 31.5 
28.2 27.7 

- , i , , , ,  

BO, ~ 
(pressure 

mm) 

~eD*, C10H20F~O3Si3 
~2D3", Cj4H22F60~Sis 
qb4D*, CtaHz4FuOsSis 
r CIoH25F30~Si4 
493D, C14H27FgO4Si4 
~3D~, C~6H~F9OsSi5 

*New compound 

102(20) 
98.5(1) 

126.5(0.2) 
99(20) 
1o55(1) 
118(0.9) 

4 0 

1.3697 
1.3830 
1.3773 
1.3840 
1.3738 
1.3800 

d,~~ 
Found 

1.1685 
1.1131 
1.2327 
1.0598 
1.2086 
1.1752 

390.0 
529.4 
698.5 
376.5 
540.0 
610.0 

Si 

Calcu- Found 
lated 

21.9 21,7 
25.2 26.2 
2O. 1 20.O 
28.9 29.6 
20,8 20.7 
23.0 22,7 
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Table 2 
Assigning Unknown Components of Mixed Cuts 

Frac- 
tion 

num- 
ber 

1 

II 

l l I  

IV 

V 

Bp, OC 
(pressure 

mm) 

71.2--71.8 
(20) 

122.2-- 122.4 
(20) 

' 114.8--115.2  
(1) 
117 
(0.2) 

150--152 
(0,5) 

_ Cut composition, 
component *, %* * 

d 20 

1 [ 2 3 

o 

1.3787 1.0494 

1.3849 1,0810 

1.3855 1.1301 

1.3755 1.2371 

1.3771 1.2254 

D4 
(15) 

~sD 
(14) 
r 
(70) 
Xs 

(28) 

Xt 
(85) 

q~2D2 
(40) 
Xs 

(69) 
X4 
(30) 
~s 
(72) 

CsD~ 
07) 

r 

qbD4 

dP~D4 

~b3D3 

~P4D2 

34 mean RD 

303.2 0.2201 0.2200 

458.0 0.2167 0.2169 

600.9 0.2076 0 2089 

644,5 10 1853 0 1862 

778.6 O 1836 011831 

31,4 

31 .I! 

31.0 ] 

30,8 

31.4 j 

31.7 

31.6 

31.4 

30,9 

30.8 

Elemental composit ion,  % 
H F 

16.8 

27,9 

26.1 

20.0 

20.0 

305.5 

454.4 

585.0 

657.0 

788.0 

6,7 6.4 29.7 29.2 

6.4 6.4 17.8 17.5 

5.9 6.0 22.7 22.0 

4.7 4.9 33.5 33,0 

4.6 4.7 33.9 34.5 

si 

15.9 

28.4 

25.9 

19.9 

19.0 

* In order of y i e ld  on the chromatograph  column;  X n = unknown components ,  
.... Ca lcu la t ed  from the ch romatogram (see Fig. 2). 

Table 3 

Composition of a Mixture of 3,3,3-Triflu- 
oropropyl(methyl)dime thylcyclosiloxanes 

Compo- 
nent 

Da 
D4 
Ds 

qbD~ 
@Da 
q)D~ 
@2D 
@2D~ 
qb2Da 
@2D,~ 

@3D 
@3D2 
@3D3 

q~4 
@4D 
~4D2 

Cs 
Still 
residue 
Losses 

Total 

"Mean- 
differ- 
ence 

In the mixture 
charged (from 
the results of 

0.49 
1.04 
0.16 
2.14 

12.56 
2.39 
2.93 

30.47 
6.05 
0.29 
1,10 

22.28 
6.22 
0.77 
5.39 
2.47 
017 
0.13 
1.19 

1.76 

100 0O 

fractional 
distillation 

results 

Calculated on the 
sum of the rings [ Dif- 
to ~PaD !ncl__uusive ..-_I for- 
From By chroma-I ence, 

tographing % 
the starting 

m ixtr 

0.51 0.18 -0 .33  
1.07 0.84 -0 .23  
0.17 -0 ,17  
2.21 1.55 -0 .66  

12.98 13.43 +0.45 
2.47 2.89 + 0  42 
3,03 2.89 -0 .14  

31A9 30.75 -0 .74 
6.25 6,78 + 0,53 
0.30 - 0.30 traces 
1.14 1.69 +0.55 

23.03 22.96 --0,07 
6.43 7.45 + 1.02 
0,80 traces -- 0.80 
5.57 6.37 + 0,80 
2.55 2.22 - 0.33 

1oo.oo Z 

+-047 

100.00 

Content, % i 

fractional 
distillation) 
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Fig.  2. C h r o m a t o g r a m s  of mixed  cuts (see Table  2): a - e )  Griff in  
ch romatograph ;  He ra te  1 . 9 / / h r ;  band speed 5 m m / m i n ;  p r e s -  
s u r e  at co lumn exit:  a) 300 ram; b - e )  30 m m ;  a) cut I; co lumn 
t e m p e r a t u r e  132~ b) cut II; co lumn t e m p e r a t u r e  172~ c) cut III; 
co lumn t e m p e r a t u r e  172~ d) cut IV; co lumn t e m p e r a t u r e  202~ 
e) cut 122-126 ~ (0.2 ram);  co lumn t e m p e r a t u r e  202~ f) f rac t ion  
V; Pye chromatograph ;  Ar  ra te  9 / / h r ;  co lumn t e m p e r a t u r e  160~ 

p r e s s u r e  at co lumn outlet  760 ram. 

mixed  cuts .  The data on the quant i ta t ive  compos i t ion  
of the m i x t u r e  (Table 3) shows sa t i s f ac to ry  a g r e e m e n t  
be tween  r e s u l t s  of ch romatograph ic  ana lys i s  of al l  
m i x t u r e s ,  and r e s u l t s  of f r ac t iona l  d is t i l la t ion .  

EXPERIMENTAL 

Vacuum fractionation was carried out in argon through a column 

with a rating of 38 theoretical plates. Most of the chromatographic 
analyses were run on a Griffin chromatograph, column diameter 6 
mm, length 1740 mm, stationary phase SKTFT-50 rubber on Celite 
545, carrier gas helium, eatharometer detector. 

Three of the highest boiling fractions were analyzed with a Pye 
chromatograph, column diameter 4 ram, length 1524 ram, stationary 
phase polyethylene glycol adipate on Celite 545, argon ionization 
detector. 

Molecular weights were found cryoscopically in Freon-ll2 (stan- 
dard chromatographically pure ffs [3]). In calculating the fractional 

distillation results, the content of each component in all the fractions, 
pure, intermediate, and mixed, was taken into account. 

The authors thank IL A. Mogilevskaya and coworkers who made 
the elementary analyses. 
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