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WATER VAPOUR INTERACTION WITH PHARMACEUTICAL 

CELLULOSE POWDERS 

G .  R .  S a d e g h n e j a d ,  P .  York, a n d  N .  G .  S t an ley -Wooda  

P o s t g r a d u a t e  S c h o o l s  of  Pharmacy a n d  *Powder T e c h n o l o g y  

U n i v e r s i t y  o f  B r a d f o r d ,  

BRADFORD, 

W .  Y o r k s h i r e ,  BD7 lDP ,  

U .  K .  

Summary.  - 

S i n c e  i n t e r a c t i o n  b e t w e e n  w a t e r  and  p a r t i c x l a t e  solid is a major f a c t o r  in 

formula t ion ,  processing and product  performancc:.of pharmiiceut icals ,  t h e  ino is ture  

sorp t ion  proper t ies  of four  g r a d e s  of microf ine  c4ellulose (MFC) and t h r e e  g r a d e s  of 

microcrys ta l l ine  cellu'lose (MCC) w e r e  invest igated.  

All t h e  powders  inves t iga ted  exhib i ted  t y p e  i I  BDDT sorpt ion i so therms,  fro% 

which t h e  monolayer  c a p a c i t y  and  s u r f a c e  a r e a  could be evaluated.  

The  h e a t  of  sorpt ion (-AHa) a n d  immersior ,  l(-AHi) of water- vapour w e r e  

d e t e r m i n e d  by b a t c h  and f low rnicrocalor imetry,  which t o g e t h e r  wi th  t h e  w a t e r  

sorp t ion  i so therms g a v e  t h e  in tegra l  (-AH) a n d  d i f fe ren t ia l  h,eats (--CH), f r e e  
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2172 S A D E G H N E J A D ,  YORK, AND STANLEY-WOOD 

energ ies  ( -TF)  and en t ropies  (-7s) of sorption. This investigation showed t h a t  - 

- & of MFC PO50 with  a nitrogen su r face  a r e a  o i  1.85 mgl and MCC pH 101 w i ~ h  a 

nitrogen su r face  area of 1.22 m2g1 were  - 3 9 ~  apd -37.08 ~3 molt. of wa te r  

respectiveiy. 

--- 

- t  

The generally used Braunauer, E m m e t t  and Teller (B.E.T.) relationship i n  

describing ful l  water sorption isotherins wzs found to be unsatisfactory,  but t h e  

Guggenheim, Anderson and de Boer (G.A.B.) equztion discriminative and 

meaningiul and could be used to  give t h e  thermodynarnic ene rge t i c  const;~rits, CG 

and K from t h e  various celluloses. 

Cellulose powders a r e  widely used in t h e  pharmaceutical  industry as 

excipients, disintegrants, binders for encapsulation, and antiadherents. The  

in te rac t ion  of wa te r  with pharmaceutical  excipients is important in t h e  u l t imate  

release of drugs and s to rage  condition of dosage form. 

A review of t h e  l i t e r a tu re  on pharmaceutical  cellulose powders revealed 

differences in ex terna l  sur face  a reas  when measured by d i f fe ren t  adsorbents such 

as nitrogen and water  vapour. Hollenbeck et a1 ( I )  determined t h e  sur face  a r e a  of 

microcrystall ine cellulose (MCC) Avicel PH 101 by t h e  adsorption method for 

nitrogen and water  vapour. Sur face  a reas  calculated f rom t h e  B.E.T. equation 

f rom adsorption isotherms of 1 m2g-1 and 130 m2g-1 were  found by nitrogen and 

wa te r  sorption respectively. Nakai et a1 (2) similarly measured t h e  sur face  a r e a  of 

MCC PH 101 by nitrogen and water  sorption and obtained figures of 1 m 2 g 1  and 

149 m2g-1 respectively. Van den Berg (3), describing in more  de ta i l  water  sorption 

on dry s ta rch ,  emphasised t h e  importance of t h e  state of equilibrium. H e  

suggested t h a t  th i s  analysis led to a model of sorption which could sc,-ve as a basis 

for fur ther  analysis using existing theories and developed hypotheses. Zograffi et 

a1 (4) suggested t h a t  t h e  B.E.T. equation should be extended and applied, and by 
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WATER VAPOUR 1NTE:RACTION 2 1  73 

using polymer solut ion theory,  w a t e r  sorpt ion :jhould b e  trieated as a hydrat ion 

process. 

As shown i n  t h e  work of Van den  Berg  ( 3 )  with s t a r c h ,  t h e  B.E.T. re la t ionship 

has  been ex tended  accord ing  to a n  equat ion  developed by Anderson ( 5 )  and 

Guggenheirn ( 6 )  and d e  Boer  (71, r e f e r r e d  to as t h e  G.A.B., equa t ion  (equat ion I); 

H e r e  W is  t h e  weight  of w a t e r  absorbed, CC and K a r e  c o n s t a n t s  W,, i s  t h e  weight  

of w a t e r  forming  monolayer  and p/po is  t h e  r e l a t i v e  humidity. 

T h e  G.A.B. equat ion  'was derived to t a k e  i n t o  a c c o u n t  layers  of sorbed  vapour 

having proper t ies  i n t e r m e d i a t e  to those  in  t h e  f i r s t  l ayer  and  t h o s e  of bulk water .  

T h e  C.A.B. equat ion  is s imilar  to  t h e  B.E.T. equat ion,  e x c e p t  f o r  t h e  addi t ion of 

th i rd  p a r a m e t e r ,  K ,  t h a t  c a n  b e  d e t e r m i n e d  by equat ion  (2). 

- 
HL Hm 

R T  K = €3 e x p  

where  R i s  cons tan t ,  HI, is t h e  h e a t  of  l iquefact ion,  and  Hrn  is t h e  h e a t  of sorpt ion 

of w a t e r  sorbed in t h e  i n t e r m e d i a t e  layer. T h e  c o n s t a n t  CC cam b e  de termined  as 

H I  - H 
m 

R T  C G  = I) e x p  ( 3 )  

where  D is  a cons tan t ,  H i  is  t h e  h e a t  of sorpt ion of w a t e r  in  t h e  f i r s t  sorbed  layer  

and H, is t h e  h e a t  of sorpt ion of w a t e r  sorbed in  t h e  i n t e r m e d i a t e  layer. 

T h e  genera l  c h a r a c t e r  of t h e  G.A.R. analysis  has  a l so  been real ised recent ly  by 

Dent(8) and Cascoyne  and  Pothig(91, who applied t h e  G.A.B. equat ion  to consider  

w a t e r  vapour sorpt ion on  biopolymers. 
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2 1  74 SADEGHNEJAD,  YORK, AND STANLEY-WOOD 

The  objective of this work is to de termine  t h e  sur face  energe t ics  of d i f fe ren t  

sources of cellulose powders and to examine t h e  mechanism of interaction and 

distribution pa t t e rn  for  sorbed water  molecules in these  materials. 

Experimental  

Materials: Two d i f fe ren t  types  of high grade  pharmaceutical  cellulose were  

examined (a) microfine cellulose, MFC, (Elcema P050, P100, F150 and granulated 

G250, Degussa), products obtained by a milling process, b) microcrystall ine 

cellulose, MCC, (Avicel PH 105, 102, 101, FMC Corporation) obtained by spray 

drying. 

M e t  hods: 

Low t empera tu re  nitrogen adsorption: The  sur face  a reas  of MFC and MCC 

powders were  determined by nitrogen adsorption at 77.5K. The appara tus  used as a 

glass appara tus  similar to British Standard specification (10). 

Water vapour sorption: The  water  vapour sorption isotherms and sur face  a r e a  of 

MFC and MCC powders were  determined at 2OoC using equipment based on t h a t  

previously described by Okhamafe  and York ( 1  1). All samples were  dried at 7OoC 

and evacuated  overnight to a vacuum of 1x10-4 torr. 

Hea t s  of immersion and sorption: The  hea ts  of immersion and sorption of MFC and 

MCC at 20°C were  measured using a LKB microcalorimeter (model 2107). The  

LKB microcalorimeter was opera ted  in a ba tch  mode to de termine  t h e  hea ts  of 

immersion and in a flow made  at various humidities in t h e  range 5-75'36 R.H. to 

de termine  t h e  hea t s  of sorption using s tandard  procedures. 

Results and  discussion 

Figures 1 and 2 represent  t h e  water  vapour sorption isotherms for  MFC and MCC 

grades respectively. Analysis of t h e  water  vapour sorption d a t a  as well as nitrogen 

absorption d a t a  for  MFC and MCC indicated t h a t  t h e  B.E.T. theory  (12) can  be 
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WATER VAPOUR I N T E R A C T I O N  2175 

MFC G250 0 

MFC F150 

MFC P I 0 0  

MFC PO50 A 

._-L_~AI__ a L - 1 - I  

20 40 6 0  8 0 100 

RELATIVE HUMIDITY ('Yo) 

Fig 1 WATER VAPOUR SORPTION ISOTHERMS 

AT 20°C f'OR MFC 

POWDERS 
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2 1  76 S A D E G H N E J A D ,  Y O R K ,  AND STANLEY-WOOD 
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Water vapour sorption isotherms a t  20°C 

fo r  MCC powders 
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WATER V A P O U R  1 N T E R A C : T I O N  2 1  77  

applied in t h e  range  of 5-35% R.H. Comparison of s u r f a c e  a8reas for  , k F C  and MCC 

obtained f r o m  ni t rogen adsorpt ion and w a t e r  sorpt ion (se'e Table  1) showed a n  

approximate  relat ionship f o r  S H20 ISN2 of 100 for  t h e  mater ia l s  examined. 

Young and  Healy (13) Ihave observed a similar  phenomenon with asbes tos  powders. 

Hollenbeck et a1 (1) suggested t h a t  t h e  d i f f e r e n c e  be tween t h e  s i z e  of t h e  ni t rogen 

and water  molecules  is  not suf f ic ien t  to just i fy  t h e  hundred fold d i f fe rence  

observed. However  Zograf f i  et a1 (4) c r i t i c i sed  Hollenbeck et al's explanat ion t h a t  

f rozen  w a t e r  w a s  blocking t h e  access of ni t rogen to  MCC pore!; at t h e  t e r n p e r a t u r e  

of liquid nitrogen. An a l t e r n a t i v e  explanat ion i s  t o  consideir t h a t  w a t e r  i n t e r a c t s  

with t h e  anhydroglucose molecule  in  t h e  cel lulose polyrner clhain. 112 th i s  case t h e  

s u r f a c e  a r e a  obtained by w a t e r  sorpt ion should not  b e  regarded  as a t r u e  in te rna l  

sur face ,  because  t h e  surface a r e a  eva lua ted  r e f l e c t s  sorpt ion and t h e  phenomenon 

B.E.T. B.E.T. 

of w a t e r  associat ion with t h e  anhydroglucose molecules. In cont ras t ,  t h e  ni t rogen 

adsorpt ion technique measures  by physical adsorpt ion t h e  internal: and  e x t e r n a l  

surface.  As ind ica ted  in  Table  1, a l inear  re la t ionship was  found f o r  MFC and 

MCC grades  when t h e  weight  of w a t e r  sorbed at various R.H., was  p lo t ted  versus 

ni t rogen volume adsorbed at t h e  sarne re la t ive  pressures. T h e  plot also showed t h e  

quant i ty  of w a t e r  sorbed was much g r e a t e r  t h a n  ni t rogen and thus  t h e  a f f in i ty  of 

t h e  physical s u r f a c e  for  t h e  w a t e r  moleculer  will b e  g r e a t e r  t h a n  famr t h e  ni t rogen 

molecules. T h e  concept  of f rozen  water  present  on t h e  s u r f a c e  of t.he solid iln t h e  

case of MFC and MCC grades  is  t h e r e f o r e  u n t e n a b k .  

In order  to ana lyse  -the sorpt ion i so therms over  a wider r a n g e  of R.H. t h e  G.A.B. 

equat ion  w a s  used. F igures  3 and 4 plot t ing ' /w versus p/po d e m o n s t r a t e  t h e  f i t  of 

exper imenta l  d a t a  to t h e  G.A.R. equat ion.  Derived cons tan ts  W m , C ~  and K 

t o g e t h e r  with V, and C cons tan ts  f r o m  t h e  B.E.T. equat ion  are l is ted in Table  2. 

T h e  d a t a  show t h a t  t h e  resul ts  obtained wi th  t h e  B.E.T. and t h e  G.A.B. i so therm 

equat ions  f o r  values  of 'Vm and C, and W, and C(; respec t ive ly  a r e  comparable .  
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WATER VAPOUR I N T E R A C T I O N  

P/PO 
F I T  OF VATER SORPl ION D A T A  

USER FUNCTION tlINlMlSE0 ON ABSOLIUTE SUM OF SQUARES 
PARAtIETER VALUES 

- - - _ _  BEFORE F I T  5 000 20 00 30 00 - AFTER F I T  1 290 -16 55 -13 50 

F i g u r e  3 F i t  o f  w a t e r  s o r p t i o n  d a t a  f o r  b a t c h  A MFCPo50 
t o  G . A . B .  E q u a t i o n  

21 741 
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2180 SADEGHNEJAD, YORK, AND STANLEY-WOOD 
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Figure 4 Fit of water sorption data for MCC P H l O l  
to G.A.B. Equation 
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2 1 8 2  S A D E G H N E J A D ,  YORK,  AND STANLEY-WOOD 

T h e s e  t r e n d s  may b e  t h e r e f o r e  t a k e n  as physically real is t ic .  However ,  t h e  

monolayer  values  f r o m  t h e  G.A.B. equat ion  a r e  considerably higher. 

F o r  a test of physical s ign i f icance  t h e  h e a t  of l iquefact ion,  (HL) and  h e a t  of 

sorpt ion of w a t e r  i n  t h e  i n t e r m e d i a t e  layer  (Hm) c a n  b e  d e t e r m i n e d  f r o m  equat ion  

2 and 3 respec t ive ly  and compared  with t h e  va lue  obta ined  ca lor imet r ica l ly  (1, 3, 

14). T a b l e  3 shows t h e  values  of H i  -HL and  H m  -HL, assuming B and  D to  b e  

unity, with c a l o r i m e t r i c  values  presumed to represent  sorpt ion in  t h e  f i r s t  and  

second layers. A reasonable  order  of magni tude  a g r e e m e n t  b e t w e e n  G.A.B. 

t h e o r e t i c a l  and  c a l o r i m e t r i c  exper imenta l  values  w a s  observed,  a l though not  

unexpectedly,  t h e  H m  - HL values  did exhibi t  s ignif icant  differences.  

T h e  i n t e g r a l  a n d  d i f fe ren t ia l  Gibb's f r e e  energy  changes  assoc ia ted  with t h e  

sorpt ion of w a t e r  vapour on  MFC and MCC powders  w e r e  c a l c u l a t e d  f r o m  t h e  

mois ture  c o n t e n t  and  values  of r e l a t i v e  humidi t ies  t a k e n  at s e l e c t e d  in te rva ls  f r o m  

t h e  w a t e r  sorp t ion  i so therms (Figures  1 a n d  2 )  using t h e  relat ionships  r e p o r t e d  by 

Hollenbeck et a1 (1). T h e  in tegra l  Gibb's f r e e  energy  changes  w e r e  ca lcu la ted  using 

equat ion  (4). 

-AF = n 1 R T  l n  ? / p  - R T J n l d ( l n  PIP,)  ( 4 )  

where  n l  is number  of moles  of w a t e r  sorbed  and  R is t h e  gas cons tan t ,  T i s  

t e m p e r a t u r e ,  p is t h e  a c t u a l  vapour  pressure  and po is  t h e  vapour  pressure  of pure  

liquid. T h e  i n t e g r a l  p a r t  of t h e  equat ion  c a n  b e  obta ined  graphical ly  by p lo t t ing  n l  

PO/p aga ins t  p/po and de termining  t h e  a r e a  under  t h e  graph  to t h e  upper l imit ing 

va lue  of p/po which is required. 

P I P ,  P I P ,  n l P ,  
- R T I  0 n l d ( l n  p / p , >  - - R T J  0 d ( P I P , )  P 
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T h e  d i f f e r e n t i a l  Gibb's f r e e  energy  changes  w e r e  d e t e r m i n e d  f r o m  equat ion  (6) .  

T h e  n e t  i n t e g r a l  en tha lp ies  &AH) w e r e  c a l c u l a t e d  f o r  bo th  MFC PO50 and  MCC PH 

101 using equat ion  (7). 

where  

changes  assoc ia ted  with t h e  sorp t ion  process  w e r e  d e t e r m i n e d  by equat ion  (8). 

Hs is  t h e  h e a t  of sorpt ion obta ined  f r o m  f low inicrocalor i inetry.  Ent ropy  

A H - A F  AS = ___ T (8) 

Figures  5 a n d  6 i l l u s t r a t e  t h e  relat ionship b e t w e e n  t h e  in tegra l  thermodynamic  

func t ions  a n d  t h e  amount  of w a t e r  vapour  sorbed  f o r  MFC PO50 and  MCC P H l O l  

respect ively.  All c u r v e s  in  F igures  5 and 6 show a n  i n c r e a s e  asymptot ica l ly  

approaching  a l imi t ing  va lue  which corresponds to t h e  maximum mois ture  sorbed. 

However  t h e  values  of  AF,  -AH and -AS in i t s  c u r r e n t  f o r m  d o  not  d i f f e r e n t i a t e  t h e  

e f f e c t  t h e  sorpt ion of e a c h  n mole  of w a t e r  vapour  h a s  on t h e  c h a n g e  of t h e  

t h e r m o d y n a m i c  state functions. Therefore ,  t h e  t h e r m o d y n a m i c  state func t ions  

w e r e  d i f f e r e n t i a t e d  wi th  r e s p e c t  to  t h e  a m o u n t  of w a t e r  vapour  sorbed and t h e s e  

va lues  a r e  i l lus t ra ted  i n  F igures  7 a n d  8 f o r  MFC PO50 a n d  MCC P H  101. T h e  

c u r v e s  for MCC P H  101 are similar  to  t h o s e  repor ted  previously by Hollenbeck et 

al. ( I )  T h e  c u r v e s  show that :  

1 )  -az i s  c o n s t a n t  up  to values  approaching monolayer  wi th  r e s p e c t  to 

anhydroglucose molecules  suggest ing a n  energe t ica l ly  homogeneous s u r f a c e  

ava i lab le  f o r  w a t e r  vapour  molecules  and  m a y  represent  t h e  e x t e n t  of a n  

D
ru

g 
D

ev
el

op
m

en
t a

nd
 I

nd
us

tr
ia

l P
ha

rm
ac

y 
D

ow
nl

oa
de

d 
fr

om
 in

fo
rm

ah
ea

lth
ca

re
.c

om
 b

y 
B

ib
lio

te
ca

 A
lb

er
to

 M
al

lia
ni

 o
n 

01
/2

2/
12

Fo
r 

pe
rs

on
al

 u
se

 o
nl

y.



WATliR VAPOUK I N'TEKAC.'I'I ON 2185 

t 
15001 

1 i 

t 
i 

X I  

I 
900; 

al 

E l  

- 1  
t 

600, 
I 
I 

L 
I 

I 

300L 
I 

r 
I 

I 

i 

i 2000 c 
, 
i " I -AH / 

/ 

Fig. 5 

L.0 
- 
73 

0 
ln 
- 
m 

C3 z 
3 0  

a 

In c c 
3 

-- 

n 
0 

c 
L 1  

L +- 

20 

1.c 

0 0  02 0 4  0 6  0 8  
N, (mole of water/100g solid1 

Integral thermodynamic properties of 

sorption at  20°C fo r  MFC PO50 

D
ru

g 
D

ev
el

op
m

en
t a

nd
 I

nd
us

tr
ia

l P
ha

rm
ac

y 
D

ow
nl

oa
de

d 
fr

om
 in

fo
rm

ah
ea

lth
ca

re
.c

om
 b

y 
B

ib
lio

te
ca

 A
lb

er
to

 M
al

lia
ni

 o
n 

01
/2

2/
12

Fo
r 

pe
rs

on
al

 u
se

 o
nl

y.



2186 S A D E G H N E J A D ,  YORK, AND STANLEY-WOOD 

0 .  0 0 . 2  0 .  4 0 . 6  0 . 8  I , 0 

n,  mole o t  w a t e r  p e r  100 gram 01  s o l i d  

3 . 5  

3.L’ 

3 
.rl 

0 
ID 

4 

2 . 5  - 
3 

0 

M 

d 

i 

L 

2 . 0  ; 
(P, 
u 
-i 

c 
1 . 5  2 

3 
b 
u 
c 
w 

i . P  

3 . 5  

F i g u r e  6 I n  t e  g ra  1 t h e  m o d  ynami c p r o p e  r t  i t s  u f 

s o r p t i o n  f o r  t h e  MCC P H l 0 1  

D
ru

g 
D

ev
el

op
m

en
t a

nd
 I

nd
us

tr
ia

l P
ha

rm
ac

y 
D

ow
nl

oa
de

d 
fr

om
 in

fo
rm

ah
ea

lth
ca

re
.c

om
 b

y 
B

ib
lio

te
ca

 A
lb

er
to

 M
al

lia
ni

 o
n 

01
/2

2/
12

Fo
r 

pe
rs

on
al

 u
se

 o
nl

y.



WATER VAPOUR INTERACTION 

-1 

i lo 

-1 
- 6  

0 0  02 0 4  06 08 

ni moles of  water per 1009 s d l d  

Fig  7 Dif ferent ia l  thermodynamic properties 

o f  MFC PO511 

L al 
n 

D
ru

g 
D

ev
el

op
m

en
t a

nd
 I

nd
us

tr
ia

l P
ha

rm
ac

y 
D

ow
nl

oa
de

d 
fr

om
 in

fo
rm

ah
ea

lth
ca

re
.c

om
 b

y 
B

ib
lio

te
ca

 A
lb

er
to

 M
al

lia
ni

 o
n 

01
/2

2/
12

Fo
r 

pe
rs

on
al

 u
se

 o
nl

y.



2188 

m 
0 .A 
ii 
0 

a 
J 

3 I 

SADEGHNEJAD, YORK, AND STANLEY-WOOD 

I 

1 h 8 U O  

3 6 00 
14700 

3 2 0 0  

12600 

2 800 

10500 2400 

2000 4400 

1600 

h 300 

1200 

4200  

8 00 

2100 $00 

( 

n I  m o l e s  o f  w a t e r  p e r  loogram o f  s o l i d  

F i g  8 D i f f e r e n t i a l  thermodynamic  p r o p e r t i e s  

of tZCC P H l O l  

D
ru

g 
D

ev
el

op
m

en
t a

nd
 I

nd
us

tr
ia

l P
ha

rm
ac

y 
D

ow
nl

oa
de

d 
fr

om
 in

fo
rm

ah
ea

lth
ca

re
.c

om
 b

y 
B

ib
lio

te
ca

 A
lb

er
to

 M
al

lia
ni

 o
n 

01
/2

2/
12

Fo
r 

pe
rs

on
al

 u
se

 o
nl

y.



WATER VAPOUR INTERACTION 2189 

in te rac t ion  be tween a single  w a t e r  vapour molecule  wi th  e a c h  anhydroglucose 

molecule: 

2) t h e  second region shows a s t e a d y  fa l l  in -37 a f t e r  a discont inui ty  be tween n l  = 

0.18 and 0.22, which suggests  weaker  bonding of water  i n d e c u l e s  with less  

homogenei ty  of t h e  w a t e r  - anhydroglucose interact ion.  This region may b e  

assoc ia ted  with a second sorbed w a t e r  molecule  per anhydroglucose residue: 

3 )  at higher values of n l  (>0.5), -% fa l l s  s teadi ly  t o  low values indicat ing t h e  

uptake  of non-specif ~c bulk water .  

T h e  d i f fe ren t ia l  h e a t  of sorpt ion ( -a) of waiter on MCC showed s imilar  regions 

but  g a v e  smal le r  values  of - a, - AF and -a% T h e  d i f f e r e n t  

numer ica l  values  bet ween  t h e s e  products  inay r e f l e c t  t h e  d i f f e r e n t  crystal l ini ty  in 

- 
t h a n  MFC POSO. 

t h e  t w o  mater ia l s  at  MFC and MCC, wi th  w a t e r  vapour sorpt ion occurr ing  only i n  

t h e  amorphous regions at c e l l u l o s r .  Morrison and Dzieciuch (14) examining  

mois ture  sorpt ion on  powders, concluded t h a t  t h e  ini t ia l  d e c r e a s e  of - AH was  due  

to a pept iza t ion  (swelling) of t h e  solid. T h e  energy  consumed in  t h e  disruption of 

solid-liquid bond procluced a non-constant and lower h e a t  of sorpt ion t h a n  expec ted .  

This e f f e c t ,  which is  c a r r i e d  implici t ly  through o u t  t h e  de te rmina t ion  of - AHfrom 

immersional  da ta ,  is  no t  present  in t h e  s t u d y  of MFC and MCC. Therefore ,  t h e  

cons tan t  -AH period s e e m s  to  b e  a n  indicat ion of z e r o  swelling as well as indicat ion 

of a n  energe t ica l ly  homogeneous s u r f a c e  (I). 

T h e  d i f fe ren t ia l  en t ropy  at very low mois ture  c o n t e n t  (Figure 7 and 8) is positive. 

T h e  increase  in t h e  ordered  sys tem is  g r e a t e s t  when th l e  firs1 w a t e r  molecule  

i n t e r a c t s  with t h e  anhydroglucose molecule. A f t e r  t h a t  t h e  r a t e  of order ing 

diminishes but  is s t i l l  positive. As m o r e  mois ture  is, sorbed, however ,  t h e  

d i f fe ren t ia l  en t ropy  will cont inual ly  decrease.  T h e  cont inuous i n c r e a s e  in  t h e  

- 

negat ive  d i f fe ren t ia l  en t ropy  value is  a resul t  of a decrealse in  t h e  sorpt ion of 

water  molecule  in t h e  s u r f a c e  film. T h e  i n c r e a s e  in t h e  nega t ive  d i f fe ren t ia l  
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entropy corresponds to a period of acce lera ted  ordering, due primarily to t h e  

approach of monolayer completion. 

To  examine t h e  wa te r  sorption sequence fur ther  t h e  differential  hea t  of sorption 

obtained microcalorimetrially ( G a  ) was cor re la ted  with t h e  moisture conten t  of 

t h e  powders. The  graph of -A Ha versus moisture content i l lustrated in Figure 9 

indicates t h r e e  sections and these  can  be  distinguished both fo r  MFC PO50 and 

MCC PH 101. In MCC a n  initial cons tan t  level of - A H a  occurs from 3-7% w/w 

moisture conten t  indicating very s t rong  sorbed water. A second plateau, less 

defined but st i l l  distinguishable, is  observed at a lower - A H a  between 10-14% 

- 
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WATER VAPOUR I N T E R A C T I O N  219:L 

W/W.  Above this  mois ture  level ,  t h e  cont inuous d e c r e a s e  in - sugges ts  t h a t  t h e  

sorbed  w a t e r  begins to reseinble  bulk water .  T h e  discont inui t ies  in t h e  c u r v e  

cor respond to s t o i c h i m e t r i c  ra t ios  of approximate ly  I:! and  2:1 of w a t e r  to 

anhydroglucose unit  assuming a crys ta l l in i ty  f igure  of 63% (15) and  t h a t  mois ture  i s  

t a k e n  up by t h e  amorphous  regions of cel lulose (16). T h e  presenc:e of t h e s e  p la teau  

regions t h u s  supports  t h e  sorpt ion model  of a s t r o n g e r  spec i f ic  in te ra t ion  of a 

s ingle  w a t e r  vapoidr molecule  per  anhydromglucose r~iollecule fol lowed after 

comple t ion  by a weaker  i n t e r a c t i o n  by a secon,d w a t e r  vapour  molecule  wi th  e a c h  

anhydroglucose niolecule  in  t h e  amorphous  region. F o r  MFC t h e  values  of - A H a  

o v e r  t h e  p l a t e a u  regions a r e  ,more c lear ly  def ined t h a n  for  MCC. T h e s e  d i f f e r e n c e s  

b e t w e e n  cel lulose powders  c a n  b e  a t t r i b u t e d  to d i f f e r e n c e s  in  powder  

p r e t r e a t m e n t ,  inducing, f o r  example ,  d i f f e r e n t  d e g r e e s  of c rys ta l l in i ty  o r  s u r f a c e  

energies .  

T h e  observa t ions  f r o m  microca lor i rne t r ic  s tudy  t h u s  c lear ly  suppor t  t h e  

i n t e r p r e t a t i o n  and hypotheses  put  forward  f r o m  t h e  GAB equat ion  and  sorp t ion  

i so therm analysis. I t  is in te res t ing  to n o t e  t h a t  t h e  rncldel proposed by 

Van den  Berg  (3) for  w a t e r  sorp t ion  in s t a r c h  powders,  a p p e a r s  to also hold f o r  

cel lulose powders. 
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