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, ~ B S I R A C r  

Sorption isotherms of  toluene and n-propanol were determined at 25~C on 
well-cbnracterised samples o f  the ~z and ~ forms of  copper phthalocyanines, the 
measurements being made with a Calm RG electrobalanc¢ and a McBain-Bakr spring 
balance. A study of  sorption hysteresis was undertaken with each solid--vapour 
system, The work demanded reliability of  in~.', amcntation for the mc~suremenat o f  
small changes in mass over long periods of  time (up to several months). 

The toluene isotherm data obtained with the ~qmple offl-copper phthalocyanine 
appear to be fairly straightforward to interpret: the solid-vapour interaction is 
relatively weak and  hysteresis is confined to the capillary condensation range_ On the 
other hand, the ~anplc of  ~-copper phthalocy~nine underwent considerable ~Lgeing 
when exposed to toluene vapour; the toluene isotherms show low-pressure hysteresis 
and indicate strong solid-vapour interaction. 

The in/tiM n-propanol adsorption isotherms on the ~ c o p p e r  phthalocyanine is 
Type IH in c h a i r ,  but  desorption resulted in the strong retention of  alcohol 
molecules at  very low pressure. The uptake o f  n-propano! by the ---copper phthalo- 
cyaninc was much larger than that given by the /~ form and appreciable ageing 
o o ~ r r e d  o n  e x p o s u r e  o f  t h e  s a m p l e  t o  n-propanol v a p o u r .  

These results reveal that the ~ c o p p e r  phthalocyanine sample was more stable 
when exposed to toluene or  n-propanol than the = form (although the or/ginal surface 
areas were similar). Toluene adsorption appears to be restricted to thecrystal  surface 
of  the p-copper phthalocyanine, whereas the sorption of  toluene and  n-propanol by 
the = form involv~ penetration within the pigment aggregates. The irreversible 
sorption of  n-propanol may be tmrtly due to slow intercalation. 
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I~TRODUCTION 

Gravimet r i c  m e t h o d s  have  been extensively used  in de t e rmin ing  t he  mass  o f  gas 
o r  ~ p o u r  so rbed  by a p o w d e r e d  sofid T h e  so rp t ion  ba lance  takes  the  fo rm o f  e i ther  
a s imp le  helical s p r i n g  o r  a m o r e  sophis t ica ted  microbalance .  

Recently,  m u c h  interest  has  been focussed on  the  surface proper t ies  o f  o r ~ n l c  
p igments ,  in par t icu lar  o f  c o p p e r  ph tha locyan ines  t - 3 .  In  the  p o w d e r e d  fo rm,  p i g m e n t s  
general ly consis t  o f  crystal l ine aggregates  (o r  ~__glomerates). T h e  degree to  which  a 
p igmen t  can  be dispersed in a sui table  m e d i u m  depends  o n  the  s t ruc ture  a n d  behav iour  
o f  t h e  a g g r e g a t e s ,  a s  we l l  a s  o n  t h e  n a t u r e  o f  t h e i r  c o n s t i t u e n t  c r y s t a l s  1- a 

These  proper t ies  m a y  be invest igated by means  o f  so rp t ion  t e c h n i q u e .  T h e  
sorpf ion  o f  a rgon  a n d  n i t rogen  has been app l i ed in  character is ing the  surface proper t ies  
a n d  a ~ t e  s t ructures  o f  a variety o f  powde red  samples  o f  c o p p e r  ph tha locya-  
n ine  s. In  this case a v o l u m e t r i c  m e t h o d  was used.  Where ,  however ,  the  sorpt ive  exists 
as a v a p o u r  r a the r  t han  as a gas, vo lumet r i c  m e t h o d s  become  inval idated,  a n d  
gravimetr ic  m e t h o d s  a s sume  an  i m p o r t a n t  r6le. 

Grav imet r ic  m e t h o d s  have  n o w  been ex tended  to  several p igments .  In  this  
con t r ibu t ion ,  we i l lustrate h o w  these m e t h o d s  have been appl ied  to  the  so rp t ion  o f  
to luene  a n d  n -p ropano l  o n  two  samples  o f  c o p p e r  ph tha locyanine ,  a n d  h o w  the  
results highl ight  m a n y  differences in their  propert ies .  T h e  results  a lso d e m o n s t r a t e  the  
need  for  a balance which  remains  reliable over  a long  per /od  o f t i m e ,  a n d  can accurate ly  
measure  differences in mass  o f  on ly  a few micrograms .  

~.JPERIML--N-rAL 

O f  the  two  samples  o f  c o p p e r  ph tha locyan ine  investigated,  one  con t a ined  
crystals o f  the  , r -polymorph,  a n d  the  o the r  con t a ined  crystals o f  the  fl fo rm.  T h e  
p repara t ion  a n d  purif icat ion o f  b o t h  samples  h a d  been unde r t aken  in the  laborator ies  
o f  Ciba-Geigy  ( U . K . )  Limited.  T h e  purif icat ion involved  initially the  use  o f  Soxhle t  
ext rac t ion o f  n o n - p i g m e n t a r y  mater ia l  in a variety o f  solvents ,  fo r  several weeks.  In  the  
subsequen t  stages o f  the  r educ t ion  to  p igmen ta ry  fo rm,  the  use o f  sur fac tants  was 
avoided,  a n d  on ly  A n a l a R  g rade  reagents  were  emp loyed .  

Volumet r i c  n i t rogen  so rp t ion  i so therms  were  de t e rmined  a t  77 K,  wi th  a semi-  
mic ro  a ppa r a tu s  s imi lar  to  tha t  des igned  by Harr is  a n d  Sing 6. Equi l ib r ium pressures 
were  m e a s u r e d  o n  a me rcu ry  m a n o m e t e r  with the  a id  o f  a ca the tome te r  ( to ~ 0.002 
cm)_ T h e  t empera tu re  o f  the  cryos ta t  ba th  was measu red  with an  oxygen v a p o u r  
pressure  t he rmomete r .  

To luene  so rp t ion  i so therms  were ob ta ined  gravimetr icaIly us ing a McBa in -Bakr  
fused  quaxtz spr ing  ba lance  a n d  sensitivity 4- 10 - 5  g. T h e  spr ing  was t he rmos t a t t ed  
a t  27°C,  a n d  the  p i g m e n t  samples  were ma in t a ined  a t  25°C.  T h e  extens ion  o f  the  
spr ing  was m o n i t o r e d  by a ca the tome te r  ( to  4- 0.002 cm) .  Equi l ibr ium p _r~__~ureswere 
measu red  wi th  a Bell a n d  Howel l  pressure  t r ansducer  gauge,  wi th  a range  o f  0 -17  
k N  m - 2  a n d  a sensit ivity o f  ~_ 7 N m -~  (0.05 Tor t ) .  T h e  gauge  was cal ibra ted agains t  
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a mercu ry  m a n o m e t e r ,  us ing  to luene  vapour .  Each  sample  was ou tgassed  t o  less t h e n  
0.01 lq m -2 ,  for  a t  least 16 h a t  r o o m  tempera tu re ,  p r io r  t o  so rp t i on  measu remen t s .  

S t -d i e s  o f  t o luene  v a p o u r  so rp t i on  were  of ten  compl i ca t ed  by ag ing  (see be low)  
o f  the  p igment ,  w h e n  in con tac t  wi th  the  vapour .  T h e  ag ing  process  has  t he  effect o f  
r educ ing  the  p igmen t ' s  sorp t ive  capaci ty .  A l t h o u g h  ~ n g  was  s lower  t han  a t t a i n m e n t  
o f s o r p t i o n  equi l ibr ium,  i t  was  sufficiently fast  to  n__,~_ ¢~tate speedy  c o m p l e t i o n  o f  each  
sorp t ive  cycle. F o r  each  p igment ,  f o u r  i so the rm cycles were  r e c o r d e d ,  t he  p i g m e n t  
be ing  ou tgassed  be tween  cycles. E a c h  cycle  was c o m p l e t e d  wi th in  a day.  T h e  first 
cycle ex tended  only  over  a r educed  relative pr_~__cure range  (be low a b o u t  0.5), to  tes t  
fo r  reversibili ty a t  low pressures.  T h e  next  cycle, ove r  the  c o m p l e t e  a t t a inab le  pressure  
range  (up  to  a b o u t  0.8)  fo l lowed  immedia t e ly  af ter  o u t g a s s i n ~  T h e  s~mple  was t hen  
t rea ted  wi th  t o lue ne  v a p o u r  (relative pressure  o f  0.7 to  0.8) f o r  3 to  4 days,  be fore  t h e  
next  desorp t ion  b r a n c h  was recorded .  T h e  last cycle aga in  cove red  t he  ful l  a t t a inab le  
pressure  range,  l='mally, t he  s a m p l e  was  o u t ~ e d  for  a t  least  24 h,  before  be ing  
t ransfe r red  to  the  vo lumet r i c  a p p a r a t u s  fo r  so rp t i on  m e a s u r e m e n t s  wi th  n i t rogen .  

T h e  n - p r o p a n o l  i so therms  were d e t e r m i n e d  a t  25~C o n  a C a h n  R G  electro- 
balance.  Equ i l ib r ium pressures  were  m e a s u r e d  wi th  a Bell a n d  Howel l  t r ansduce r  
gauge  ( range 0 -100  k N  m - z )  wi th  a sensit ivity o f  ~ '  13 N m - 2  ( 4 -  0.1 T o n ) .  T h e  
~auge was ca l ibra ted  agains t  a conven t iona l  m e r c u r y  m a n o m e t e r  wi th  the  a id  o f  a 
ca the tomete r ,  a n d  was f o u n d  to  be  s table  to  wi th in  -~ 26 N m -± (-~ 0.2 Ton-)  for  

[ 
! 
! 

I 
! 

! 

O 

/ 

P-'W,- 1. Sorp t ion_of  tohaen¢ b y  ~-c0ppcT p h t h a i c c y m l i n ~  O 0 ,  a d s o r p t i o n  a n d  d e s o r p t i o n  ha Cyc le  2 ;  
E! I ,  a d s o r p t i o n  a n d  d e s o r p t i o n  in  Cyc le  4.  ~ 1 a n d  3 a r e  n o t  s h o w n .  O r d i , ~ t ~ :  c h a n g e  in  
rn~¢~ ( m g  g - t ) ;  A _ ~ ¢ ~ :  rdax ive  pressure-  - - -  -- = 
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several months. For  each pigment, two isotherm cycles were recorded, and  the pigment 
sample was outgassed between the first and second cycles. 

T H E  T O L ~  I~01"HERMS 

The toluene vapour isotherm for the sample o f / ~ : o p p e r  phthalocyanine is 
shown in F i~  1. For clarity of  presentation, only two of  the four sorption cycles have 
been drawn. The cycles are similar i n  that hysteresis is largely confined to relative 
pressur~ above 0.4, i.e., in the capillary condensation range. The cycles differ in 
that the amount  of  toluene which can be sorbed is sfightly reduced from one cycle to 
the next. Such a progressive reduction indir~t~ that the sample is aged by  toluene 
vapour, although the extent of  a~'ng is small. 

Figure 2 illustrates the very different sorption behaviour of  toluene on the 
sample of  u-copper phthalocyanine. The a-analogue adsorbs considerably more 
toluene than does the/~ form. The first sorption cycle is particularly interesting in that 
over part of  it (at hi~Jaer pressures) the desorption branch ties below the adsorption 
branch. Thus, the ~-sampl¢ is very readily aged by toluene vapour. In the succeeding 
cycles (2 and 4), hysteresis is far more pronounced than for the/~-material and is 
observed throughout the whole range of  relative pressures appfied. Successive cycles 
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Fig. 2. Somtion of  toluene by ~ phth~tocy~.i,,,- A A.  Cycle ] :  o e ;  Cycle 2:~O.Cyde 3: 
O I I .  C'3m~ 4. F'dled points indicate desorptio~ Ord;,~t,-: change in mass (rag g-a);~ ___~_;_ " 



403  

T A B L E  1 

CI3tiPA.P..ISO~ O F  R ' ~ ' T .  pA.It~ ' ta~u:j~. 'S FOIL T H E  Y ~ i P ' l ' l O . ' q  O F  ~ BEI:ORE A N D  A F T E R  AGI2,~G B Y  

' T O L ~  V A P O U R  

..~mple Unaged Aged 

S ~ f ~  ~lrfm'P C .~,~if~ S z f f f~  C 
area {mS ~-~) area  (m2 g--x) 

phtha locyan~ 
a-Coppe~ phthalo~ni,~ 

43 32 39 36 
4 9  39  14 32 

show a large reduction in the uptake of  toluene vapour. Toluene ages the sample 
considerably. 

Nitrogen sorption isotherms were performed on each-sample, both before the 
start o f  a toluene vapour isotherm and after its completion. All the nitrogen isotherms 
were type II, in the classification of  Brunauer et a l .7  Table 1 lists comparisons of  the 
B.E.T. c-values and nitrogen surface areas. Although the surface areas of  the two 
unaged samples differ only a tittle, there is a large difference between those of  the aged 
samples..,No significant change in the c-~alues is observed: the affinity of  the pigment 
surfaces for nitrogen is thus not  appreciably altered_ 

T H E  N - P R O P A N O L  I S O T H E R M S  

The isotherm for the sorption of  n-propanol by the sample of,8-copper phthalo- 
eyanine appears in Fig. 3. The adsorption b r a n c h  of  the first, cycle is Type I l l  7 in 
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x='~. 3. ~ of  N-propanol by,~:opper  ph,h~U,,cyanin~ A ~ ~-~c~ ~ l ;  o o ,  cycte 2_ F U ~  
poims in.can: ~ Ozdiz~c: c t~u~ in _r~,~ Cu~ s-x); ~D~c:is~- z,dati,~ prcssu~- - 
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Fig. 4_ Sorption o f  N-propanol  by  a - c o ~  p h t l ~ l ~  A A. Cycle 1; O ~O, Cycle 2. F'zll~l 
points indicaZe desorption_ Ordinaze: change in t T ~  (rag g-z); a _~_~-_: relative prc~mrc. 

chaxacter.  U p o n  desorp t ion ,  hysteresis becomes  m o r e  a n d  m o r e  p r o n o u n c e d  as  the  
relative pressure is lowered.  Indeed,  s o m e  o f  the  a lcohol  molecules  axe so  s t rongly  
re ta ined tha t  they  remain  so rbed  even af ter  ou tgass ing  o f  the  sample .  T h e  a d s o r p t i o n  
b ranch  o f  the  second  cycle lies above  the  preceding  adso rp t ion  branch ,  bu t  a p p r o a c h e s  
it a t  h igher  pressures.  Here,  no  ag ing  is observed.  Like the  first cycle, t he  second  cycle 
exhibits  cons iderable  hysteresis a t  lower  pressures.  

F igure  4 i l lustrates the  i so the rm for  the  so rp t ion  o f  n -p ropano l  to  the  s ample  o f  
z - coppe r  ph tha locyanine .  As wi th  to luene ,  the  z -sample  sorbs  n -p ropano l  in fa r  
~ e a t e r  a m o u n t s  t han  the/~-sample.  T h e  first so rp t ion  cycle seems reversible except  a t  
low pressures,  a n d  s o m e  n -p ropano l  is re ta ined w h e n  the  ~ m p l e  ~ out£~-e~_ T h e  
second  cycle appears  to  be  a lmos t  reversible, a n d  is typically T y p e  I I  in  character .  A t  
hio~her pressures,  i t  lies be low the  first cycle, a n  indicat ion tha t  n - p r o p a n o l  v a p o u r  
apprec iably  ages the  ~-sample.  

DISCUSSION 

T h e  so rp t ion  i so the rms  demons i~a te  the  very  different  b e h a v i o u r  o f  the  t w o  
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samples of  copper phthalocyanine. The ~-m~terial has a gre~___ter sorptive capacity, and 
is more susceptible to aging. 

To understand these differences more fully, it is helpful to examine the shapes 
of  the pigment crystals, and  the structures of  the crystal aggregates. Transmission 
electron microscopy has revealed that the/~-material consists of  bundles of  needle- 
shaped crystals of  length around 0.I Izm, with a length-to-breadth ratio of  ca. I0. On the 
other hand, the -,-material consists mainly of  shorter plate-fike crystals (0.01-0.03/zm 
long) arranged in more compact  aggregates. 

In  the isotherm for the sorption of  toluene to the/1-material (Fig. I)  there is 
hysteresis at relative pressures above 0.4. From the morphology of  the pigment ,  it 
appears that toluene can condense in the voids between the needle-shaped crystak. 
The extent of  the capillary condensation (and its associated hysteresis) is small, since 
clusters o f  needles may not  readily form voids of  suitable dimensions for capillary 
condensation. The condensed toluene thus appears to age the pigment only slightly. 

The affinity of  the surface of  the/~-material for n-propanol is very low as seen 
from the small uptake at low relative pressures ( l /g-  3). As the pressure is increased, 
however, the uptake becomes much greater, an  indication that the sorptive now has 
sufficient driving force to begin to penetrate into the bundles of  needle-shaped cry, stals. 
The very strong retention of  alcohol molecules du_,-ing desorption and outgasslng may 
in part reflect slow intercalation into individ-~! pigment crystals. 

By contrast to toluene sorption, su__ece-_,sive sorption cycles with n-propanol show 
a pro_mmssive increase in the sorptive capacity for the vapour. There is no evidence that  
n-propanol vapour ages the pigment. 

The sorptive capacity of  the x-material is considerably higher than that o f  the 
/~-materiaL The enhanced uptake of  toluene at low relative pressures shows an 
increased sorbate-sorbent interaction, and suggests that the aggregates may he micro- 
porous to toluene (Fig- 2). Since aging was observed at  relative pressures below 0.4, 
it need not  involve condensed toluene. The large hysteresis loops in cycles 2 and 4 do, 
however, suggest that there is extensive capillary condensation at higher pressures. 
It almost certainly occurs within the voids between the plate-like crystals of  the 
oag.gre~t~. Moreover, since aging is accompanied by a sharp fall in nitrogen surface 
area, it probably arises from cementation of  the crystals comprising the oaggregates. 

The ~z-sample isalso aged a little by n-propanol ~,~pour (Fig. 4). The steepness of  
the adsorption branch of  the first cycle indicates penetration of  this vapour too into 
the crystal aggregates. Capillary condensation, however, is absenL Thus, as was seen 
from the toluene isotherm, the sorbate need not  he condensed to produce agi'ng- 
A ~ n ,  the strong retention of  n-propanol molecules during outgassing is evidence for 
their intercalation into the pigment crystals. The apparent reversibility of  the second 
sorption cycle suggests that the aging process has been substantially completed in the 
first cycle. 

From this discussion, it is clear that  much of  the understanding of  the behaviour 
of  each pigment sample arises from measurements in the isotherm of  small differences 
in sorptive capacity, either from cycle to cycle, or  even within a cycle. I n  many 



4O6 

instances, these differences are small, and are determ;ned from experimental _re~,4;ngs 
spread out  over several days, or even weeks. Reliable instrumentation has therefore 
been essential for monitoring the clifferences azamrately over such an extended period 
o f  time. Gravimetric equipment has provided that instrumentation. 
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