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SURFACE MODIFICATION OF SILICAGELS. 
EVALUATION OF THERMALLY - TREATED 

COMMERCIAL SILICAGELS. 

Ziad El Rassi and Colette Gannet' 
Laboratoire de Chimie Analytique I11 

(ERA 474 - M. Porthault) 
Universite de Lyon I 

43,  Bd du 1 1  Novembre 1918. 
69621 Villeurbanne - France. 

The chromatographic properties and the structure and texture 
of thermally treated silicagels have been studied. CommerciT.1 sili- 
cagels (Partisil and Lichrosorb) were thermally modified at 300, 
400,  500,  600,  700, 800 and 900'C. The evolution cf specific surface, 
pore volume and distribution of mean pore diameter as a function of 
temperature was investigated. It is shown that the modification at 
600°C is the most interesting one : reducing the hydroxyl concentra- 
tion of a silicagel by a controlled thermal treatment, all the sur- 
face hydroxyl groups could be involved in a chemical modification. 

INTRODUCTION 

In a previous article ( I ) ,  two methods of deactivation of 
silica gels have been studied : deactivation by addition of water 
in the chromatographic system and deactivation by thermal treatment. 
The latter method was studied mainly from the chromatographic point 
of view. In this work, we were particularly interested in the struc- 
ture and texture of thermally treated silicagel, a study which could 
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180 EL RASSI AND GONNET 

provide  a b e t t e r  u n d e r s t a n d i n g  o f  t h e i r  chromatographic  b e h a v i o u r .  

S c o t t  and Kucera have shown ( 2 ) ,  by s t u d y i n g  t h e r m a l l y  trea- 

t e d  s i l i c a g e l s ,  t h a t  t h e  r e t e n t i o n  o f  a s o l u t e  on such  a n  a d s o r b e n t  

depends o n l y  on i t s  water o r  hydroxyl  group c o n t e n t ,  and l i t t l e ,  i f  

a t  a l l ,  on s i l o x a n e  groups.  The s u r f a c e  c h a r a c t e r i s t i c s  o f  s i l i c a  

g e l s  g r e a t l y  i n f l u e n c e  t h e  chromatographic  p a r a m e t e r s  i n  l i q u i d -  

s o l i d  chromatography (3 -6 ) .  These characteristics are c l o s e l y  l i n -  

ked w i t h  t h e  method of p r e p a r a t i o n ,  as well as t h e  subsequent  treat-  

ments o f  t h e  s i l i c a  g e l .  

The n a t u r e  o f  s i l i c a  g e l  s u r f a c e s  h a s  been  t h e  o b j e c t  of  a 

number o f  a r t i c l e s .  The i n t e r a c t i o n s  o f  s u r f a c e  hydroxyl  groups 

w i t h  s e v e r a l  a d s o r b e n t s  and r e a g e n t s  have been  wide ly  examined 

(7-13). S e v e r a l  a u t h o r s  have examined t h e  i n f l u e n c e  o f  thermal  t r e a t -  

ment on t h e  water and s i l a n o l  groups on s i l i c a  g e l  s u r f a c e s .  De Boer 

and Vleeskens ( 4 )  c o n s i d e r  t h a t  phys isorbed  water i s  removed by 

h e a t i n g  to  120°C ; on t h e  o t h e r  hand, La.ige ( 1 5 )  h a s  shown t h a t  

s t r o n g l y  phys isorbed  w a t e r  i s  n o t  removed below 18OoC, a t  which 

tempera ture  Young and Bursh (16) t h i n k  t h a t  t h e  s i l a n o l  groups b e g i n  

t o  condense w i t h  water e l i m i n a t i o n .  According t o  Snyder and Ward 

( 1 7 ) ,  s i l i c a  g e l  l o s e s  a s i g n i f i c a n t  number of hydroxyl  groups from 

200"Cup w;?rds .  Other  workers  go much f u r t h e r  : they  c o n s i d e r  t h a t  a 

t empera ture  of  300°C i s  n e c e s s a r y  t o  remove a l l  t h e  phys isorbed  wa- 

ter  (18) and even s u g g e s t  t h a t  water s t r o n g l y  bound t o  s i l i c a  g e l  

s u r f a c e  can  s t a y  r i g h t  up t o  600°C ( 1 9 ) .  

As f o r  t h e  complete d e h y d r a t i o n  of s i l i c a  g e l s ,  a t e m p e r a t u r e  

over  IOOr)"(: i s  t-e,!uired. Up mt i l  4CIO"C. t h e  r e a c t i o n s  which take 

p l a c a m  t h e  s i l i c a  g e l  s u r f a c e  are n o t  r e v e r s i b l e  a t  room rempera- 

t u r e  and beyond 400°C t h e  r e a c t i o n  is comple te ly  i r r e v e r s i b l e  ( 2 0 ) .  

A porous s i l i c a  g e l  undergoes m o d i f i c a t i o n s  d u r i n g  a thermal  t r e a t -  

ment. Young ( 2 1 )  h a s  shown t h a t  s i n t a r i n g  b e g i n s  a t  900°C and t h a t  

t h e  d e c r e a s e  i n  s p e c i f i c  s u r f a c e  v a r i e s  l i n e a r l y  w i t h  thermal  t r e a c -  

ment time. S i n t e r i n g  i s  a very  complex phenomenon i n  which s e v e r a l  

f a c t o r s  seem t o  p lay  a r o l e  : 
- minera l  i m p u r i t y  c o n t e n t .  

- c o n s t i t u t i o n a l  hydroxyl  c o n t e n t ,  

- adsorbent  t e x t u r e  and,  i n  p a r t i c u l a r ,  i t s  p o r o s i t y  t y p e .  
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SURFACE MODIFICATION OF SILICAGELS 

EXPEXEENTAL 

1 8 1  

Thermal treatment. 

port. The silica gels modified were LICHROSORB SI 60 5 um (batch 
EF 5 4 )  (MERCK - Damstadt GFR),  Partisil 5 (Batch A 311)  and 

They were carried out on 3 g fractions of sup- 

Partisil 20 (Batch A 2 6 6 )  (Whatman - FerriPres - France). The 

silica gel was placed in a quartz crucible ; all of which was put 
in a furnace whose temperature was fixed and regulated to 1°C.  

The temperature range studied was 300 - 900°C. For all modifications 
the treatment time was 5 hours. After treatment, the silica gel frac- 

tions were left at room ternperature, without taking any special 

precautions. 

Reagents-Products. The solvents used as eluents were analytical grade 

dichlorornethanq and isooctane (ERCK). Dry solvents were obtained by 

percolation on activated silica gel (.YERCK silica gel 6 0 ,  0.063 - 
0.200 mm) through a glass column ( 6 0  cm x 3 cm). They were then 
stored on a molecular sieve. The water content of eluents yas 
controlled by Karl Fischer titration with an automatic Karl Fischer 
titrator E 547 (Hetrohm, Herisau, Switzerland). 

Chromatographic apparatus. The chromatographic study was carried o u t  

either with a Spectraphysics 3520 chromatograph or with an appara- 
tus assembled in the laboratory and consisting of : Nodel AE-10-4 

Orlita pump (Sedere - Paris), a damping system, a RHEODYNE valve 
(70-10) and a model 2-1428-3 Varian UV 254 nm photometer. All 
measurements were made at room temperature. 
The columns were packed with silicagels modified according to a 

technique developed in the laboratory ( 2 2 ) .  The column dimensions 

were I0 crn x 4.6 mm I.D. for Lichrosorb S160 and Partisil 5 and 
25 cm x 4 . 6  rn I.D. for Partisil 20. A l l  measurements were made at 
room temperature and in isocratic conditions. The column characte- 
ristics f o r  the various modified silica gels are shown in Tables 1 

and 2 .  

It can be noted that the external porosity varies only 
slightly with the temperature while the internal porosity decreases 

D
o
w
n
l
o
a
d
e
d
 
A
t
:
 
1
9
:
2
0
 
2
4
 
J
a
n
u
a
r
y
 
2
0
1
1



182 
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0 . 4 7  

0.51 

0.56 

- 
T ° C  

- 
un- 

r e a t e d  

350 

400 
450 

500 
600 

650 
7 00 
800 

900 

- 

0.27 

0.19 

0.02 

Table  1 

Column P r o p e r t i e s  for  Thermally Modif ied L i c h r o s o r b  S I  60 

LICHROSORB SX 60 

Weight of  
S i l i c a  g e l  
i n  column(g) 

0.757 

0.774 

0.773 
0.770 
0.786 

0.742 
0.808 

0.823 

1.016 

I . 4 l 5  

:01umn 
Dead 

vo 1 ume 
0 

1.30 

I .22 
1.23 
I .23 
I .25 
I .25 
1.24 

I .24 
1.16 

0.96 

T o t a l  

0.47 

I 
I 
I 

0.45 

I 
I 

0.31 

I 
I 
I 
0.30 

I 1  
1 1  

0 . 7 6  

0.70 I 

0.58 ~ 

1 I 
s i g n i f i c a n t l y  from 800' onwards, r e a c h i n g  a l a o s t  z e r o  a t  900'C. I n  

o r d e r  t o  estimate t h e  pore  volume o f  a s i l i c a  g e l ,  i t  can be t r e a t e d  

t o  I0OO"Cso t h a t  i t  undergoes a s i n t e r i n g  ; t h e n  pack two i d e n t i c a l  

columns : one w i t h  t h e  modif ied s i l i c a  g e l ,  t h e  o t h e r  w i t h  t h e  un- 

t r e a t e d  s i l i c a g e l .  The pore volume c a n  be  de te rmined  a s  t h e  d i f f e -  

rence between t h e  two column dead volumes. 

DENSITY HEASUREMENTS 

With t h e  a p p a r a t u s  used ( 2 2 ) ,  t h e  pycnometer c a n  be f i l l e d  

under a lo'* t o r r  vacuum a f t e r  t h e  sample h a s  been degassed  f o r  

2 hours  a t  150'C. Benzene was used  as pycnometr ic  l i q u i d .  Table  3 

shows t h a t  f o r  t h e  two s i l i c a  g e l s  s t u d i e d ,  t h e  i n c r e a s e  i n  d e n s i t y  

as a f u n c t i o n  of  thermal  t r e a t m e n t  only r e a c h e s  10 Z a t  1200°C, w i t h  

r e s p e c t  t o  u n t r e a t e d  s i l i c a  g e l .  
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SURFACE MODIFICATION OF SILICAGELS 

2 . 9 6  

3 . 0 4  

3 . 0 7  

2 . 9 7  

3 . 1 9  

2 . 7 9  

2 .  I4 

T°C 

un- 
reated 

4 0 0  
500 
6 0 0  

7 0 0  

8 0 0  

900 

0 . 4 3  

I 
0 . 4 3  

0 . 4 7  

0 . 4 5  

0 . 4 6  

I 

Table 2 

Column Properties for Thermally Modified 
PARTISIL 2 0  

Weight of 
Silica gel 
in Column 
(9) 

2 . 0 9  

2 . 0 5  

2 . 0 5  

I . 97  

2 . 2 8  

2 . 9 2  

4 . 2 1  

External 
Dead porosity 

Internal 
porosity 

i E 

0 . 2 8  

I 
0.31 
0 . 2 4  

0 . 3 2  

0.21 

I 

Total 
porosity 

t E 

0 . 7 1  

I 
0 . 7 4  

0 . 7 1  

0 . 7 7  

0 . 6 7  

I 

E is the external porosity = fraction of column volume between e 
silica particles. 

E is the internal porosity = total pore volume available to the i 
mobile phase, expressed in fraction of column volume. 

E is the total porosity E = E + E t t e i  

SPECIFIC SURFACE, PORE V O L E  AND DISTXIBUTION OF 
MEAN PORE DIAMETER 

The specific surfaces of thermally treated silicagels were 
obtained by the BET method using nitrogen as adsorbent at - 195OC. 

The calculation of pore diameter distribution was done according to 
PIERCE'S method ( 2 3 )  as modified by ORR and DALLA VALLE ( 2 4 )  using 
the nitrogen desorption branch. The pore volumes were measured from 

the same isotherms for a relative pressure of 0.95 according to the 
Curvitsch rule (25). The pore diameter distribution curves show a 
double distribution in the case of untreated LICHROSORB SI 60 
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4OO0C 500 600 700 800 900 1200 un- 
treated 

Table 3 
Density values of Thermally Modified Silica Gels 

Lichrosorb SI 60 

Density 2.05 2.09 2.14 2.17 2.18 2.19 2.21 2.24 

V specific 
volume 0.487 0.478 0.467 0.461 0.459 0.457 0.452 0.447 

Partisil 20 

Density 2.09 2.14 2.16 2.17 2.18  2.20 2.21 2.36 1 
I V , ~ ~ ~ ~ - I  ri478 0.467 0.464 o.460 o.459 0.454 0.452 o.4h2 

(Fig. 1) for - 2 nm and - 2.9 tun. The second distribution 

(iP - 2.9 nm) is less important than the distribution with a maximum 
at 2.0 nm. This double distribution is seen again, but shifted to- 

wards the wider pores, for the different thermal modifications. For 

thermally treated and untreated PARTISIL 20, there is a single 
distribution with a maximum at 3 nrn (Fig. I ) .  

P P 

The decrease in specific surface becomes significant from 
700°C upwards (Tables 4 and 5). At 9OO"C, the sintering is conside- 
rable and for PARTISIL, there is no more adsorption whatsoever, even 
for P/po - I .  The evolution of pore volume follows that of specific 
surface : the decrease in pore volume begins at 600-700°C ; at 7 O O 0 C ,  

it is 9 X for LICHROSORB SI 60 and I5  Z for PARTISIL 20. 

The evolution of the BET constant, CBET as a function of ther- 
mal treatment is interesting : CBET is directly related to the net 
adsorption heat, its value therefore giving an indication of surface 
activity . CBET decreases slowly from unmodified support up to 600°C. 
then remains constant at a relatively high value for subsequent tem- 
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SURFACE MODIFICATION OF SILICAGELS 

T°C 

2 - I  
S~~~ .g 

3 - 1  Vp(N2)cm .g  

r (!irn) 
- 
P 

185 

untreated 400 5 0 0  6 0 0  700 800 9 0 0  

4 6 3  441 455 472 367 186 3 9  

.686  .661 . 6 0 2  . 3 4 9  . 0 6 6  

2 . 0 , 2 . 9  2.0 2.0  2.0 2.0 2 . 5  
3 . 0 - 3 . 8  2 . 8  3 . 8  4 . 5  6 . L  

0.661 

untre8ted 

0 5001c 
SOOIC 

A 7 O O : c  
A 8001c 

QOO'C 

FIGURE 1 - Lichrosorb SI 6 0 .  Relative pore volume distributions 

for the various thermal treatments. 

Table 4 

Variation of Pore Structure and Surface Parameters by !leans 

of Thermal Yodification - LICHROSORB SI 60 

I I L 
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Table 5 

Variation of Pore Structure and Surface Parameters by Means 

of Thermal Modification - PARTISIL 20 

T°C 

2 - I   BET^ * g  
'BET 

- 
r n m  P 

in t rea t e d 500 600 7 00 800 

403 380 398 312 I69 

99 94 87 a7 88 

0.65 0.69 0.65 0.55 0.30 

2.9 3.0 2.9 3.0 2.9-3.2 

SBET = specific surface area using the B.E.T. method 

V = pore volume 
- 

= most frequent pore radius of the rela- 
fP P 

tive pore volume distribution 

peraturer. This decrease in CBET up to 600°C expresses the surface 

deactivation by thermal modification ; however the surface remains 

just as active after a 800°C treatment as after a 6OO0C one. This 
is confirmed by the chromatographic bebaviour of these modified 

silicagels which shows very little evolution between 600 and 800'C. 

EVOLUTION IN WATER CONTENT OF THERMALLY MODIFIED SILICAGELS 

Chernisorbed Water Content : The chemisorbed water content ( s u r f a c e  

hydroxyl groups) was determined by loss on ignition at 1200°C. A l l  

measurements were made on 1 g samples of silicagel. The silicagel 

was given a prelyminary 5 hour treatment in a stove at 120°C, weigh- 
ted after cooling and then treated at 1200°C for 5 hours. After 

cooling again. it was dried at 12OoC f o r  the same length of time. 
The difference between the two weights represencs the quantity of 

chernisorbed water in the silicagel. One then determines W i n  g Z .  
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-r 

T"C un t r ea t ed  400 500 6 0 0  700 800 900 

w g z  4 . 4 2  2 . 4 4  1.97 1.65 1 . 1 4  . 3 4  .61 

Surface a r e a  .I5 .27 .35  .43  . 4 8  . 3 0  . 0 9  
/OH ( n d )  

~ 6 . 4  3 . 7  2 . 9  2 . 3  2.1 3 . 4  1 0 . 4  2 N o w m  

average d i s -  
t ance  between . 3 9  .52  . 5 9  .65  .69  .5r( .31 
3 H  groups (nm) 

the  percentage of  chemisorbed water .  The same o p e r a t i o n  was c a r r i e d  

out  on the  modified s i l i c a g e l s .  The r e s u l t s  can be used t o  c a l c c l a t e  

t he  average s u r f a c e  occupied by one OH : 

3s. 
(nm2> 2 w  average surface/oH = 

S - s p e c i f i c  su r face  accord ing  to  t h e  BET method. 

W - I chemisorbed water  con ten t  

2 The OH number per u n i t  s u r f a c e  (nm ) w a s  c a l c u l a t e d  us ing  the  f o l l o -  

v i n g  r e l a t i o n  : 

2 x 10 3 w  - 
S N OH/,2 - 

3 

The concen t r a t ion  of su r face  hydroxyls,  a O H ,  ob ta ined  f o r  a 

modified s i l i c a g e l  (Table 6 )  i s  s i g n i f i c a n t l y  h ighe r  than t h e  

gene ra l ly  accepted va lue  of 8 umo1e.m - 2  ( 2 6 , 2 7 ) .  

According t o  KOVATS, too  h igh  s u r f a c e  hydroxyl va lues  a r e  

inhe ren t  i n  t h e  method used f o r  t h e i r  de te rmina t ion  ( 2 7 )  and could  
correspond t o  water i n c l u s i o n s  i n  t h e  s i l i c a g e l s .  Table 6 shows t h a t  

t he  OH concen t r a t ion  decreases  cons iderably  from t h e  un t r ea t ed  t o  

Table 6 
Chemisorbed Water Content of Thermally Modified S i l i c a g e l s  

Lichrosorb  SI 6 0  
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3.6 2.5 2.2 1.8 1.7 1 . 2  1.0 

Su:f:c: /OH ( n d )  a r e 1  .I7 - 2 4  .26 .33 .27 .21 

5.9 4. I 3.8 3.0 3.6 4.7 2 

average dis- 
tance betwee, .41 .49 - 5 1  .57 . 5 2  .46 
OH groups 

(nm) 

NOH/"m 

Partisil 20 

EL RASSI AM) GONNET 

I I I T"C Intreated 400 500 600 700 aoo goo 

t I 

the treated silicagel at 400'C. From this temperature right up to 

600-7OO0C, the decrease is much less marked and there is even an 
incredse from 7OO0C upwards which, in fact, does not correspond to 
a real increase in the number o f  OH, but to an increase in surface 

hydroxyl concentration due to a decrease in specific surface. 

This is confirmed by Figure 2 which shows the chemisorbed 
water content W as a function of the specific surface S. From 6OO0C 
upwards, W varies linearly as a function of S for both silicagels. 
The temperature range from 600 to 700'C seems interesting in so far 

as such a treatment provides a material which presents a fairly 

homogeneous surface activity and a good hydroxyl distribution while 

keeping a high specific surface. Such material will be used for 

chemical surface modification in a subsequent work. 

Physisorbed water. 

Eater fixation frsm the vapour-hase. Water adsorption isotherms 

from the vapour phase were established as has already been described 

(28).They are given in Fig. 3 and 4. Up to 5OO0C, the water content 
fixed by the silicagel decreases with increasing thermal treatment 

temperature ; from 90 X relative humidity onwarde.the quantity of 
adsorbed water is more or less constant. This can be explained as 
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dV 
dr 
- 

0.02 

11ntr88tOd 

0 500 'C 
A 600 'c 

700 'C 
800 'c 

FIGURE 2 - Partisil 20 - Relative pore volume distributions f o r  

the various thermal treatments. 

follows : up to 5OO0C, thermal treatment results in the removal 
of the nost reactive hydroxyls, responsible for water fixation in 
'the low and average relative humidity range ; at the same time, the 
pore volume does not change, which explains the identical isotherms 
for 90 2 relative humidity onwards. 
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OPARTISIL 20 

OLICHROSORB 51 60 

0 -  - 
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FIGURE 5 - Water fixation from liquid phase as a function of t h e  

temperature of thermal treatment. 

OPartisil 20 - CHZC12 + 1440 ppm H 2 0  

OLichrosorb SI 60 - CH C1 + 1100 ppm H20 2 2  
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From 600'C onwards, the quantity of water fixed by the sili- 
cage1 decreases progressively with increasing temperature, this being 

so for all relative humidities. This could have two origins : firstly, 

the removal of chemisorbed water and secondly the decrease in pore 
volume due to sintering f o r  temperatures above 650-700°C. 

water fixation from the liquid phase. Each column packed with therma- 
lly treated silicagel was activated with dry eluent (dichloromethane). 

The different columns thus activated were then deactivated with the 

same water content eluent. Equilibrium having been reached (this is 
controlled by successive injections of a test solute), the measu- 

rement of water fixed on each column was carried out according to 
the method described previously (29). The curves representing the 
quantity of water fixed (in grams) per gram of modified silicagel 

are shown in the Fig.5. Although the eluents are not the same in 

both cases, the behaviour of the two silicagels is identical ; the 
quantity of water fixed decreases progressively with increasing 

thermal treatment temperature ; this obviously comes from the 
decrease, by condensation, of the number of surface hydroxyl groups 
which are responsible for molecular water fixation. From 6 O O 0 C  on- 
wards, for both silicagels, the quantity of water fixed is half 

that fixed by the untreated silicagel. 

INFLUENCE OF THERNAL TREAT?IENT ON RETEETIONS 

Two chromatographic systems have been tested with dry and 

water modified mobile phases : isooctane and dichloromethane. With 

dry mobile phases, the silicagel surface is in its highest activa- 

tion state. In this case (Fig. 6 and 7 ) ,  retentions depend on 

hydroxyl surface Concentration and texture characteristics. Conside- 
ring the previous results (Tables 4, 5 and 6). it can be argued 

that, in a first step, for low temperatures ( > 650 - 700'C). the 

fall in k' values is caused by the decrease in the number of 
surface hydroxyl ; in a second step, for high temperatures, the 
decrease in retentions is above all caused by the texture modifi- 
cation of the silicagel. 
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o Benzene 

naphtalene 

A anthracane. 

FIGURE 6 - Plot of k' values versus the temperature of thermal 
treatment. Lichrosorb SI 60 - Dry isooctane. 

Retentions depend also on nature of interactions between 
solutes and available sites on the silicagel surface. With dry 
dichloromethane (Fig. 8 and 9), linuron is eluted with the sane 
k' value up to 600'C ; f o r  higher temperatures, k' linuron decreases 
rap id1 y . 

With water containing mobile phases (Fig. 8 - 10) we already 

noticed (28 )  the presence of a maximum in the curves k' = f (T 'C) .  

From data obtained in the evolution o f  chemisorbed water and texture 
characteristics as a function of thermal treatment temperature, 3 

steps can be considered : 
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FIGURE 7. Plot  of k' values versus the t emerature  of thermal 
treatment. P a r t i s i l  20 - Dry isooctane. Solutes:  1-triphenylene, 
2-fluoranthene, 3-anthracene, 4-  acenaohtvlene. 5- naphthalene. 
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FIGURE 8 - The k' values of herbicides ((linuron, neburon, pheno- 
benzuron) as a function of the temperature of thermal 
treatment. Lichrosorb SI 60 
oLinuron - Dry dichloromethane 

A*W Linuron, neburon, phenobenzuron - CH2C12 + 1100 ppm 

H2° 

- Below 350'. the retentions are identical with those obtained 

with untreated silica. In this temperature range, the number of 
hydroxyl per unit surface is the same and columns are in a similar 

"activation state" . 
- Between 350 and 65OoC, the retentions increase and reach a 

maximum which corresponds to a decrease 

silica ; mean while, texture and surface characteristics don't change. 

IR measurements (30) have shown that the number of surface hydroxyls 
increases and reach a maximum too. 

in the amount of water on 

- From 600-650°C, the decrease in retentions corresponds to the 

decrease in the specific surface area. 
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FIGURE 9. k'  values of herbicides as  a function of the temperature 
of thermal treatment. Part i s i l  20. 1.2-Dry dicloromethane, 3,9- 
Dlcloromethane + 1440 ppm H20. Solutes: 1.8- linuron, 2.9- aceto- 
phenone, 3-fenuron, 4-lsoproturon, 5-dIuron. 6-phenobenzuron, 
7-neburon. 
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k' 

- 4  

-3 

- 2  

-1 

400 50 0 600 7 0 0  800 

FIGURE 10 - Plot of k' values versus the temperature of thermal 
treatment. Partisil 20 - Water saturated isooccane. 
Solutes as in Fig. 7 .  
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