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Spin coating method has been successfull y used to cast C N-polyester composite fi lms. Data have been presented after a systematic 
study of the ni trocellulose fi lm format ion by th is technique by using various types of solvents. The method can be extended to prepare 
CN-polyester composite solid state nuclear track detector fi lms useful for envi ronmental dosimetry. 

The use of nitrocellulose (CN) films as solid state nuclear 
track detectors (SSNTDs) for revealing the damage trails 
of ionizing radiations is well known I . Some simple, but 
crude techniques have been used to prepare these films 
on a laboratory scale2

.5. Thin CN films of 6-1 2 fJm 
thickness are commerciall y available as SSNTDs. In the 
preparation of such films, besides arri ving at the appro
priate composition of the ingredients, it is very much 
essenti al to control the film thickness. The spinning disc 
technique, which was initially used in the semiconduc
tor industry, was found to be a suitable technique for 
casting thin films of organic scintillating materialsfi

. 7 and 
different photoresistsx. Theoretical studies on the flow 
patterns of viscous liquids on the spinning di sc have 
been done and measurements of profile and film thick
ness have been reported ~ . IO . 

Recently, we have reported the use of this technique 
for the preparation of thin CN films on a polyester sub
strate to form composite CN based SSNTD film s" . 12 

and highlighted its importance in the nuclear track de
tection and the environmental dosimetry. This technique 
is also found to be highly useful for the batchwise prepa
rati on of thin film s of pl astic materials, and CN based 
SSNTD films, in particul ar, on a small scale. In the 
present paper we would like to discuss the effec t of vari
ous process parameters on the thickness of the CN films. 

SPresent address: Department of Chemistry, Goa Un iversity, 
Goa 403 207. India 

Materials and Methods 

Commerciall y, CN is available in different grades 
based on the viscocity. The viscocity roughly parallels 
the molecular weight of CN. Hence, these grades also 
reflect the degree of polymerization (DP) of CN. The 
viscosity governs the film forming property of the mate
rial, while the nitrogen content governs the sensit ivity 
of the film to the radiations. It is well known that CN of 
high nitrogen content i.e., 12% or above g ives better ef
fi ciency in the charge particle detection. Thus, out of 
the different grades of commercial CN tested with re
spect to viscosity and typical film forming properties 
for SSNTD applications, the foll owing two grades were 
selected for further study. 

(i) Sample A : (lCI, India, henceforth CN-I), grade 
- HX 30-50 ; viscosity - Y2 s and nitrogen co n
tent - 11 .9 % and 

(ii ) Sample B : (Asha nitrocellulose, India, hencefo rth 
CN-A), grade - ES 30/40 s; viscos ity - 30-40 s; 
nitrogen content - 12.2 %. 

The spin coating was done using a Flood Spinner 
(Indo-German Engineers, Bombay) prepared as per our 
specifications and had a fixed rpm of 3000 at 230 V, 50 
Hz AC power. It had a prov ision for holding a tinned 
mild steel plate of size 15 cm x 15 cm by means of a 
magnetized chuck and a presettable timer to control the 
time of the rotati on of the di sc. Figure I shows the 
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schemati c diag ram of the flood spinner. The f ilm thick
ness measurements were carried out using a dig ita l thick
ness gauge, De lt amete r DR (E lec tronic Enterprises, 

Bombay) with an accuracy of ± 5 %. 

Determination of the viscosity 

Co mmercially available CN was carefully dried in air 
for fo ur days. 40 ml so luti ons of concentrati ons 10, 15 , 
20, 25 and 30% (w/v) were prepared using a ir dried CN 
in the g iven so lvent. The so lutions were a ll owed to stand 
fo r 30 min in stoppered test-tubes so as to minimi ze the 
a ir bubbles present. In the case of a binary solvent , a 
III (v/v) mi xture of the two so lven ts was used to pre
pare the CN so lut ions as above. The viscosities of the 
so luti ons were de termined us ing a Ostwald s U tube vis
cometer, calibrated with 98 % g lycerol of known viscos
ity. T he densities of the CN solutions were dete rmined 

by usi ng a spec ific g ravity bottle. 

Preparation of the CN jilms by spin coating 

A commercially availab le 100 pm thick polyester film 
of size 15 cm x 15 cm was fixed to the tinned p late by 
means o f cel lotape at the corners. 10 ml CN solution of 
a g iven concentrat ion was prepared in a solvent under 
s tudy as mentioned above and left undi sturbed for 30 
min in a stoppered test tube. The solution (3 m l) was 
then poured at the centre of the disc over the polyester 

base fi lm attached to the tinned plate and the di sc was 
spun for 1.5 min , when a flat , thin , unifonn CN film was 
obtained over the po lyes te r base. The method can be 
extended to prepare SSNTD CN films o f required thick

ness (genera lly 10-12 pm) by se lec ting suitab le solvent 
and additives like plastic izers and dyes. The reproduc
ibi I ity of thi s method was tested by man y batches of the 
detector film s. 

Determination o.l the thickness o.l the CNjilm 

The thickness of the po lyester base (s ize 15 cm x 15 
cm) was noted over randomly se lected 30 points, fo l
lowed by a s imilar measurement of thickness after coat
ing the polyes te r base with CN so luti on. The difference 
in the two average thicknesses gave the thi ckness of the 
CN fi lm. The average film thic kness values have been 
rounded off to the neares t integer. 

Results and Discussion 

Viscosity of CN- / sollllions in {Jure solvellfs 

As CN is hig hl y solubl e in lowe r este rs, ketones and 
ce ll oso lves, a few solvents from each category were se
lected for the viscosity study ; the se lection was a lso 
based on the easy avai lability on large sca le. Following 
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Tab le 1- Vi scosities o f the CN- I soluti ons in va ri ous esters, ketones and cellosolves 

Conc.ofth e 
so luti on (w/v) Vi scos ity ( cP, 30°C) 

EA BA AA ME K MIBK MC EC 

10 53 85 95 25 6 1 124 148 

15 14 1 354 359 99 258 422 537 

20 169 1084 955 394 848 1266 144 1 

25 133 7 2255 2475 704 1926 23 10 3063 

30 35 17 40 10 5339 1563 4750 5275 5434 

Tab le 2- Vi scositi es o f CN -I so luti ons in (methyl/e th yl ce ll osolve + ethyl acetate), (methyl/ethyl celloso lve + 
meth yl ethyl ketone) and (n-buty llisoamyl acetate + ethyl ace tate) mi xtu res. 

Conc. of the 
so lution (w/v) Vi scosity (cP), 30°C 

EA+MC EA + EC MEK + MC 

10 72 89 57 

15 25 1 269 2 13 

20 828 873 586 

25 12 12 1437 II 20 

30 2692 3 120 2380 

so lvents were used fo r the prese nt stud y: Es te rs: eth y l 

aceta te (EA), n -bu ty l acetate (B A), isoa my l acetate 

(AA); ketones: me th y l ethyl ketone (M E K), meth y l 

iso but y l ke to ne (MIBK ); a n d ce ll oso lves: 2-

m e th oxye th a n o l ( m e th y l ce ll oso lve)( M C) , 2-

ethoxyethano l (eth yl cell osolve) (EC) 

Out o f these B A , AA , MlBK, M C, EC are hi gh bo il 
ing solvents, while the re ma ining are low bo iling in na

ture . The viscos ity of CN-A so lutions in va ri ous sol
vents are g ive n in Table I . It was observed that around a 

viscosity o f 1500 cP, correspondin g to 15-20 % concen

trati on, the so luti on became ve ry v iscous a nd was d iffi 
cult to pour in the medium bore U tube viscomete r (No. 

BS 4 , 165). I-Icnce, fo r highe r concentra tions, a w ide bo re 
U tube viscomete r (SCAM No.7) was used . It worked 

sati s facto ril y up to about 30 % concentra ti on of C N-I, 
correspondin g to v iscos ity of about 4000 cPo Due to thi s 

limita tion, the present stud y was done only up to 30 % 
(w/v) concentration . 

MEK + EC EA + BA EA + AA 

67 65 64 

260 249 23 3 

727 849 620 

1470 1893 1338 

3468 2876 23 16 

It was a lso observed that, in eac h ca tegory of the so l

vents, the v iscos ity inc reased w ith the inc rease in the 
molecul ar weight o f the so lvent. Thu s, a mongst the so l
vents selected, a t any concentra ti on, the v iscosity of the 

so luti o n in c reased in th e o rde r - ke to ne < este r < 
cell oso lve . 

Viscosity of CN- / so lution in l11ixed soLvents 

As the viscos ity is one o f the m a in fac to rs governing 
the th ick ness o f the spin casted film, it may become im

pe rati ve to build up the viscos ity to the des ired leve l at 

the g iven concentra ti on of CN-1. He nce, we decided to 
stud y the v i6cosi ty of the CN-I sol uti ons in binary mix

tures of the above solvents. M ixtures of high boi ling 

a nd low bo ilin g so lve nt were se lec ted as follows: 
ce ll oso lve + eth y l acetate; ce ll osolve + methy l e thyl ke
tone; and hi gh bo iling este r + eth y l ace tate. Tab le 2 
records the v iscos ities o f the CN-J so luti ons in these 
mi x tures . 
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Table 3- Characteristics of some solvents, and viscosity of 30% CN-I solution 

in the respective solvents at 30uC 

Solvent Characteristics of solvent Viscosity of 30% 

CN-I Solulion(cP) Boiling point Molecular weight Solubility parameter 

CUC) (cal/cm~)ln 

EA 78 88 9.1 35!7 

MEK 80 72 9.3 1503 

MIBK 110 100 8.6 4750 

BA 125 116 8.5 4010 

AA 135 140 7 .8 5339 

MC 165 76 11.4 5275 

EC 140 90 10.5 5434 

cel lulose( di)nitrate 10.55 

Table 4- The average CN-I film thickness in the case of CN-I solutions in some esters, ketones, ceJJosolves 
and mixtures of solvents at different concentrations 

Cone. of Average film thickness (~m) 

the soln. EA BA AA MEK MIBK MC 

(w/v) 

10 2 3 

15 4 2 3 3 3 

20 7 4 5 5 5 3 

25 12 7 8 7 8 6 

30 13 9 12 18 14 7 

When the mixtures ofEA and cellosolve were used it 
was found that at any concentration the viscosity was 
lower than the viscosity in the cellosolve, but in the lower 
concentration region « 20%) it was higher than the vis
cosity in EA at equal concentrations. A similar trend was 
also observed in the case of the mixtures of MEK and 
cellosolves and the mixtures of high boiling esters and 

EA. 

Solubility parameter study 

To explain the dependence of viscosity on the nature 
of the solvent, an attempt was made to relate the viscos
ity with the solubility parameter of the so lvents. Table 3 
lists the solubility parameters of different solvents and 
the viscosities of 30 % CN-I solutions in the respective 

EC EA+MC EA+EC MEK+MC MEK+EC 

3 2 

4 4 2 2 

2 6 6 4 6 

4 9 II 7 8 

6 13 14 12 15 

solvents, along with the boiling points and the molecu
lar weights of the solvents. 

A liquid acts as a good solvent for a solute, when the 
two are compatible and can coexist in molecular state 
with a minimum tendency of separation. The compat
ibility may be expressed in terms of the solubility pa
rameter. The two substances are said to be compatible, 
if their solubility parameters are close to each other. 
Thus, a polymer will dissolve in a solvent having solu
bility parameter closer to that of the solvent. The solu
bility parameter of CN is 10.55 which is closer to that of 
cellosolves which lie in the range 10.5 to 11.4. Thus, 
cellosolve is a 'true solvent' for CN. Such a solvent 
overcomes the cohesive forces in the polymer chains due 
to the strong attractive forces between the solvent and 



NADKARNI el al. : CORRELATION OF THICKNESS OF FILM WITH SOLUTION PROPERTIES 213 

16 

c 

14 14: 

• EA 
12 + BA 

*AA 
10 II • . D MEK 

E • XMIBK 
.3- 8 

• MC .cO 

.6. EC 
6 .: 

X EA + MC • .EA + EC 
4 

+ 
VMEK + MC 

14:MEK + EC 
2 

2 4 6 6 10 12 14 16 18 20 

h. (11m) 

Fig. 2 - Parity plot showing the observed film thickness against the calculated 
film thickness for the modified Damon equation of the type y = mx + c 

Table 5- CN-I film thickness at constant viscosity or at constant concentration in different solvents 

Sr. No. Solvent Concentration of 
solution (w/v) 

(a) At constant concentration 

Methyl cellosolve 25 

2 Ethyl acetate 25 

3 MIBK 25 

4 MEK + EA in 1: I 25 

(b) At constant viscosity (interpolated values) 

Methyl cellosolve 25 

2 Ethyl acetate 28 

3 MIBK 26 

4 MEK + EA in 1: I 30 

the polymer chains. The polymer chains then are un
coiled and are more and more surrounded by the solvent 
molecules giving a more viscous solution. 

Study oJthe effects oJ viscosity and cOllcentration oJ the 
CN-/ solutiolls on the film thickness 

CN-I solutions were prepared in different solvents at 
different concentrations and the corresponding CN-poly
ester composite films were prepared. Table 4 shows the 

Viscosity at 30DC (cP) Film thickness (Il m) 

2310 6 

1337 12 

1926 8 

1212 9 

2500 5 

2500 13 

2500 9 

2500 12 

average film thickness of the films prepared using dif
ferent solvents at different concentrations. 

As has been mentioned earlier, the concentration-vis
cosity balance can be manipulated as desired by taking 
suitable solvent mixtures . Hence, we felt it worthwhile 
to prepare the films using the above mentioned solvent 
mixtures. Table 4 shows the average film thickness of 
the films prepared using different solvent mixtures. 
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Corre/atio//. of the .film thickness with some observable 
properties of the solvents 

A theory has been developed to corre late the fi lm 

thickness with the viscos ity o f photores ist solutions for 
the sp in coating technique6

.'J IO . Damon proposed Eq .( I ) 
whi ch relates the film thickness (h) with the concentra
ti on (c) of the soluti on and the spi nning speed (f) . 

h = K I X c1 / fl l2 .. ( 1) 

where K, is a constant characteri st ic of the solvent-po ly
mer syste m used 7 . 

A lte rnative ly, Meyerhofer proposed Eq . (2) wh ich re
lates the film thickness (h) to the viscos ity (V) of the 

soluti on and the spinning speed (f). 

h = K] X y l /1 / r ill .. (2) 

where K2 is a constant characteristic of solvent-po lymer 
sys tem used x. 

The above two equations have a major limi tati on th at 
they are app licable onl y for a sing le so lvent-po lymer 
system, and cannot be gene ra l ized for a va ri ety of so l
vents. For exampl e, one would not get the same thick
ness - (a) by keeping the concentrati on of the so luti on 
fixed , but by chang ing the solvent, as pe r Eq. ( I ) or (b) 

by keep ing the viscosity of the soluti on fix ed, and chang
ing the so lvent, as per Eq. (2). Thi s can be hi ghlighted 
from the data we have gathered in Table 5. 

It is c lear that, in spite of the constant concentrati on 
or viscosity of the soluti on, there are large variations in 
the fi lm thickness, depending upon the nature of the so l
vent used . 

In a mode l experiment, 30 % CN-I so lution was pre
pared in EA (b.p. 78°C) and EC (b.p . i 40°C). F rom 
each solution, films were prepared by splllning the disc 
for 0.5 , I and 1.5 s. For each setting, there was a de lay 

time o f 7 s and a decele ration time o f abou t 30 S , over 
whi ch the speed decreased to zero. 

Afte r 0 .5 s, it was observed that both the so luti ons 
spread uniformly over the di sc and the rad iu s o f the c ir
cul ar film in both the cases was about 9 crn. EC gave a 
thicker film of about 41 jJm, while EA gave a thinner 
film of 3 1 jJm thick ness. When the disc was spun fo r I 
s, the solution spread furth e r and covered the entire disc 
a rea ( 15 cm x 15 cm) and the film th ickness was re
duced ; EC gave a f ilm of 6 f . .1111 thickness and EA gave a 
film o f 12 jJm thi ckness. Though in normal practice we 
sp in the disc for 90 s, the actua l film formation takes 
place within the fi rst second itse lf. After sp inning the 
disc fo r 0 .5 s, it was fou nd that the EC film wa. wet, 
while the EA film was a lmost dry. T he same observa
tions were noted afte r I s. After spinn ing ror 90 s. the 
EC fi lm dries complete ly. 

At thi s point , considering the above obse rvations, we 
visuali zed the fo ll ow ing mode l for the fo rmation of a 
thin CN-T film ove r the spinning di sc. When the d isc is 
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Fig. 4 - Parity pl ot showing the observed film thi ckness against the calculated 
fi lm thickness using Damon equation in the form y = mx 

spun at a constant speed , the so lution on the disc is sub
jected to two processes -

( I ) centrifugal force acting on the solut ion , push
ing it radiall y out and spreading it uniforml y on 

the di sc, and 
(2) evaporation of the so lvent leading to the deposi

tion of the so lid mass o n the di sc. 

In the above experiment, the two so lvents name ly EA 

and EC have a lmost the same density (0.902 and 0 .930 

g/cm' respecti ve ly). Obvious ly, both the CN-T so luti ons 

have the same dens ity. Thus, on the spinning disc the 

soluti on would experience the same centrifugal force. 

This is supported from the fact that both the soluti ons 

were spread on the spinning disc to the same extent when 

spun for a fixed time (0.5 s) The o ther process, i.e., the 

evaporation of the solvent is ass isted by the spinning of 

the di sc. A low boiling so lvent is ex pec ted to evaporate 

faste r than a hi gh boiling so lvent and hence, the CN so

luti on in a low boiling so lvent would depos it more so lid 

per unit area than the so luti on in a hi gh boiling solvent 

during the radial movement of the soluti on on the disc. 

T hi s explains the formation of a thicker fi lm in the case 

of a low boiling solvent than the film formed using a 

high boiling so lvent. Thi s a lso ex plains the importance 

of the sol vent in thi s technique . 

Correla tion analysis 
We have prev iously seen that Eqs ( I and 2) have 

been proposed to con-elate the film thickness in the case 

of solutions of photores ists. An attempt was made to 

app ly these equations to the CN-solvent systems for the 
first time_ 

It was essentia l to find out whe ther the re lationship 
be tween hand c2 or V II" is of the type (y = mx) or (y = 
mx + c). A correlation analys is was pe rformed to tes t 

the applicability of these equations to various nit roce l
lulose solvent syste m. 

The data obtained were evaluated in light o f these 

two equations in order to see whether the data fo ll owed 

a linear behavior and whether the line passed through 

the ori g in . The observed film thickness (h ) was plotted 
" aga inst the variab le te rms in the two equations , i.e., c2/ 

f ll2 and V l13/fll1 , respecti ve l y, and the correspond i ng 

s lopes (i.e., K I and K
2

) were calculated as eL y/Ix). 

Us ing these values of K I and K
2

, film thicknesses were 

recalculated at each concentration. G raphs were plot

ted showi ng the variati on of these calcu la ted film thick

ness (h) and the observed film thickness (h) aga inst 

the te rms c2 and V 1/3 for the two equations. From the 

two graphs, the goodness of fit was evaluated as I (h -
" 

hY . It can be seen that, the Damon equation correlates 

th e film thickn ess va lues be tte r as co mpared to the 

Meyerhofe r equation. 

Next , the data were corre lated with the equation y = 
mx + c. Hence, Egs ( I and 2) may be modified as fol
lows . For Damon equation, 
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Table 6- Resul ts of correlation analysis 

• EA 

+ SA 

'* AA 
B MEK 

X MIBK 

• MC 

Ll. EC 

X EA + Me 

.EA + EC 

V MEK + Me 
*MEK + EC 

Modified Damon equation Modified Meyerhofer equati on 

y = J1lX + c y = mx + c 

K, c, L (h,,-hY corr(x,y) Kl c
1 L (h,,-hY corr(x,y) 

8610 0.328 7.62 0.964 54.4 -0.691 16.9 0.9 19 

54 10 0.344 0.87 0.989 35.9 -1.937 3.03 0.962 

6680 +0.701 1.3 1 0.989 41.3 -1.7 13 2.35 0.98 1 

9670 - 0.674 18.4 0.935 87.7 - 3.998 28.6 0.896 

8780 - 0.801 2.76 0.987 55.5 -3.518 2.87 0.987 

4620 - 0.190 1.04 0.983 30.4 - 2.380 1.24 0.979 

3510 + 0.169 0.35 0.990 22.4 - 1.589 1.11 0.967 

8310 + 0.430 1.57 0.992 65 .2 - 3.782 5.49 0.971 

6780 + 1.576 1.97 0.984 54.5 - 1.724 6.93 0.944 

7960 -1.325 1.27 0.993 67.5 -5. 12 1 3.92 0.977 

9240 - 1.37 1 2.70 0.989 68.4 - 5.254 3.20 0.986 
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Table 7- The vi scosity of CN-A solutions different and the CN-A film thickness in various solvents 

Concentration (%) 

2 

4 

6 

8 

EA 

15 

12 1 

577 

1574 

Vi scosity (cP), 30DC 

EC 

24 

189 

729 

2097 

EA + EC 

30 

175 

850 

2535 

CN-A fi lm thi ckness (flm) 

EA 

2 

4 

EA+EC 

2 

Table 8- Results o f correlati on analysis for CN-A so luti ons 

Solvent Mod ified Damon equation 

y = mx + c 

K, c, L (h,,-h / corr(x,y) 

EA 28600 0. 124 0.20 0.983 

EA+EC 15700 -0. 142 0. 10 0.97 1 

h = K X c2 / f ll2 + c 
~. ' I I 

.. (3) 

where. c, is the intercept of the line. Simi larl y, Meyerhofer 
equation becomes -

. . (4 ) 

In thi s case, the constants K, and K2, i.e., slopes of the 
plots of the observed fi lm thi ckness (h) agains t the terms 
c2/f1l2 and YIW"2 respecti ve ly, and the intercepts were 
determined with the help of a computer program. The 
predicted film thickness values (hl" ) and the observed va l
ues (h ) were IJlolted agai nst the terms c2 and Y 11.1 for the 

" two equ ations, respectively. From the two graphs the 
goodness of fit was evaluated as L (h" - hy . The correla
tion coeffici ent COlT (x,y) was also determined using the 
computer program . Co nsidering the goodness of fit va l
ues and correlat ion coeffi cients fo r Eqs ( I and 2) with 
and without intercept for va ri ous so lvents, it was found 
that the modified Damon equation, ho' = K, X ['2 / fll2 + C

j 

was more suited to correlate the data (Table 6). 
The c/ Y - h relat ionshi ps were studied usin g nitroce l

lulose so lutions in various solvents like esters , ketones, 
ce llosolves and mi xed solvents. The goodness of fit va l-

Modified Meyerhofer equati on 

y = mx + c 

K! c 
2 L (h,,-hY corr(x ,y) 

18.3 -0.602 0.45 0.961 

9.00 -0.589 0.08 0.978 

ues for y = mx + c type relati on derived for the 
Damon equati on were found to be the sma ll est for all 
the above systems and the correlation coefficients clos
est to uni ty, ind icating a better fit between the calcu
lated and the observed val ues within experimenta l er
ror. The parity plots (Figs 2 - 5) also indicated that the 
goodness of fit was better wi th the Damon equat ion as 
compared to the Meyerhofer equation. 

It appeared from the data that, both these equat ions 
showed larger dev iations when applied to low boiling 
so lvents, i.e., ethy Imethy I ketone or ethyl acetate, co m
pared to the high boiling solvents. The deviati ons ob
served in the case or" Meyerhofer 's equat ion may be 
attributed to-
( I) Change in the rate of evaporation of the solvent. as 

concentrated CN-I so lutions were used. It is known 
that, a CN so lution on standi ng fo rm a dry CN film 
over the surface wh ich prevents further evapora
ti on of the so lvent. In the case of spin coating also, 
the drying would take place from the top to the 
bottom . Thus, the topmost CN layer which is dry, 
would prevent the rapid evaporation of the solvent 
and the thickness of wet CN mass is reduced con
siderabl y due to the action of the centrifugal force . 

(2) Ostwald viscometer meth od, though is suitable for 



218 INDIAN J CHEM, SEC. A, MARCH 1999 

the use in the laboratory due to its simplicity, cannot 
be regarded as an accurate method in the case of 
concentrated CN solutions. 

(3) Nitrocellulose used may not have a un iform mo
lecular weight distribution. The accurate weighing 
of CN sample is also not possible due to the pres
ence of a damping medium like butanol. 

We also tried to correlate the CN film thickness for 
the other grad e of nitroce llulose i.e., CN-A . As the 
behav iour of the CN solution over the fl ood spinner was 
known prev iously, the variation of vi scosity was studied 
in three different solvents only, vi z., ethyl acetate, ethyl 
cell oso lve and a mi xture of eth yl acetate + ethyl 
celloso lve ( III , v/v). It was also observed that the so lu
bility ofCN-A in these solvents was less as compared to 
CN-I. Hence, a longer time was required to dissolve CN
A in these solvents and make homogeneous solutions. 
In this case, it was found that, in any of the above men
tioned solvents the viscos ity could be measured only upto 
a concentrati on of 8 %. At 10 % or higher concentra
ti ons, filling the viscometer with the CN-A solution was 
found to be very difficult. The viscosities of CN-A solu
ti ons in di fferent solvents at different concentration in 
the range 2-8 % are shown in Table 7. 

The films were cast using a fl ood spinner in the above 
mentioned so lvents. Film thicknesses of CN-A in dif
ferent solvents at di ffe rent concentrati ons are given in 
Table 7. From Table 7, it can be seen that though the 
viscosity of the CN solution at 8 % concentrati on was 
very hi gh, it gave a film of only 2-4 11m thickness . This 
observation was strikingly different as compared to the 
observa tions in the case of CN-I. The same problem 
was noted especially in the case of ethyl cell osolve, even 
when 8 % solution of CN-A was spun over the fl ood 
spinner. It was found to be very difficult to note the 
thickness of CN film formed over the polyester base. 

The correlated values of the slope K, i.e., constant in 
the Damon equation (h = K x c2/ fll2 ), was found out 
(Tables 8) and hence, the concentration of CN-A solu
tion required for preparing a film of thickness 10 11m 
was calcul ated. It was found to be 18 %. Therefore, a 18 
% solution of CN-A was prepared in ethyl acetate + 
ethyl cellosolve ( III , v/v) and was allowed to stand for 
about 2 h in a stoppered test tube and spun over the spin-

ner to get a composite fi lm. The thickness of the film 
was found to be between 10-11 11m. It was observed that, 
in thi s film ( 15 cm x 15 cm), the comers had strong 
contours, due to the very high viscosity of the so lution. 

When KI in the case of the Damon equati on fo r CN-A 
was compared with that fo r CN-I, it was seen that its 
value was almost double, i.e., K CN / Kc = 2. This 

·A N· ' 

seemed to be due to the increase in the molecul ar weight 
of CN-A. Thus, it appeared that the constant K is a func
ti on of the molecular weight of the polymer (CN) as well 
as that of the nature of the solvent. 

The meth od was ex tended to cas t nitroce llulose 
SSNTD films (s tripping and non-stripping type) by us
ing so lutions of CN in suitable sol vents like EA or 
(EA+MC), containing suitable dyes and plasticizers. 
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