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USE OF DSC AND TG FOR IDENTIFICATION AND 
QUANTIFICATION OF THE DOSAGE FORM 

D. Giron and C. Goldbronn 

Sandoz Pharma Ltd, CH-4002 Basel, Switzerland 

Abstract 

Thermal analysis techniques, DSC and TG can advantageously be used in quality control of 
drug products. 

The methods are commonly used in preformulation for the study of polymorphism and for 
the study of the interactions drug substance-excipients, since these physical interactions can be 
the basis of the dosage form performance. 

For routine control of the drug products, DSC and TG methods which are quick, which re- 
quire only few mg of the samples and which are automated, are very attractive for routine analy- 
sis of drug products. A single scan can give several qualitative and quantitative informations. 

DSC offer analytical possibilities only if the drug substance and the excipients do not have 
physical interactions or limited interactions (e.g. eutectic behaviour). About twenty marketed 
products have been analyzed by DSC and TG. In most of them identification of drug substance 
is easy. Several excipients could be identified in a tablet. Quantitations are demonstrated for 
some drug substances and excipients. DSC purity calculations have been applied to acetyl sali- 
cylic acid, paracetamol, cimetidine, pindolol, ibuprofen. 

Keywords: dosage form, drug products, DSC, identification, quantitation, TG 

Introduction 

Thermal analysis techniques, such as differential scanning calorimetry (DSC) 
and thermogravimetry (TG) are quick techniques and can be applied without treat- 
ment of samples. They are commonly used for routine analysis of raw materials [1] 
and study of polymorphism [2]. In preformulation the techniques are particulary 
valuable for the construction of phase diagrams [3, 4] and the study of the interac- 
tions drug substance excipients. Polymorphism or hydrate formation may be studied 
by these techniques in granulation, lyophilisates, for development of solid disper- 
sions and even in the dosage form [1-4]. Use of these techniques for identification 
and quantification of components of the galenical form have been sporadically dem- 
onstrated [1-6]. According to R.D. Kirchhoeffer TG is very discriminative for 
study of potential fraud in the generic drug industry [7]. DSC and TG have been 
also proposed for analysis of atenolol tablet [8]. The introduction of robotic systems 
with auto-sampling, data acquisition and data processing make Thermal analysis 
techniques quite competitive to other routine analytical methods [9]. 

0368--4466/97/$ 5.00 

�9 1997 Akaddmiai Kiad6, Budapest 
John Wiley & Sons Limited 

Chichester 



.,
q

 

T
ab

le
 1

 R
es

ul
ts

 o
f 

D
S

C
 a

nd
 T

G
 s

ca
ns

 a
t 

20
~ 

m
in

 -l
 o

f 
dr

ug
 p

ro
du

ct
s 

O
ns

et
/ 

P
ro

du
ct

 
o C

 

A
ct

if
ed

 3
00

m
g 

53
, 

10
0,

 
14

5 

A
dv

il
 2

00
m

g 
72

 

A
nt

al
vi

c 
16

2 

A
sp

ir
in

 5
00

 m
g 

13
0 

B
ia

ri
so

n 
10

0 
m

g 
13

7 

D
JN

 6
08

 6
0 

m
g 

12
7 

D
ol

ip
ra

ne
 5

00
 m

g 
16

8 

D
ih

yd
er

go
t 

5 
m

g 

F
or

ta
se

c 
2 

m
g 

F
ul

ci
ne

 f
or

te
 5

00
 m

g 
21

7 

H
al

do
l 

20
 m

g 
15

0 

H
um

ex
 (

bl
ue

 p
el

le
ts

) 
16

4 

P
ar

ac
et

am
ol

 s
up

po
 

16
8 

P
ro

fe
ni

d 
50

 m
g 

73
/8

6 

S
an

do
no

rm
 1

 m
g 

S
el

ok
en

 1
00

 m
g 

20
0 

S
il

om
at

 4
0 

m
g 

16
1 

O
ns

et
 o

r 
A

ct
iv

e 
in

gr
ed

ie
nt

 
m

el
ti

ng
/O

C
 

P
ar

ac
et

am
ol

 
16

9 

T
ri

po
li

di
ne

 H
C

1 
11

6-
11

8 

P
se

ud
o-

ep
he

dr
in

e 
H

C
! 

18
1-

18
2 

Ib
up

ro
fe

n 
7

5
-7

7
 

P
ro

du
ct

 T
G

 

1.
8%

 a
t 

10
0~

 
63

%
 

de
c.

 a
t 

26
0~

 

C
o

m
m

en
t 

in
te

ra
ct

io
n 

no
 l

ac
to

se
, 

gl
as

s 
tr

an
si

ti
on

 

at
 1

24
~

 

no
 l

ac
to

se
 

no
 l

ac
to

se
 

P
ar

ac
et

am
ol

 
16

9 
- 

A
ce

ty
ls

al
ic

yl
ic

 a
ci

d 
13

5 

P
ro

qu
az

on
e 

14
1 

2.
3 

%
 /

5
.4

 %
 

D
JN

 6
08

 
14

0 
- 

P
ar

ac
et

am
ol

 
16

9 
2.

3 
%

 

D
ih

yd
ro

er
go

ta
m

in
e 

23
0-

23
5 

- 

L
o

p
er

am
id

e 
22

2 
- 

G
ri

se
o

fu
lv

in
e 

22
0 

1.
9 

%
 

H
al

op
er

id
ol

 
15

0 
1.

9%
 

P
ar

ac
et

am
ol

 
16

9 
- 

P
ar

ac
et

am
ol

 
16

9 
- 

K
et

op
ro

fe
n 

94
 

0.
4 

%
 / 3

.5
 %

 

B
op

in
do

lo
l 

16
7 

5.
73

 %
 

M
et

o
p

ro
lo

l 
24

3-
24

5 
2.

5 
%

/3
.4

 %
 

C
lo

bu
ti

no
l 

16
9-

17
0 

3.
7%

 

la
ct

os
e.

H
E

O
 

sl
ig

ht
 i

nt
er

ac
ti

on
, 

la
ct

os
e.

H
E

O
 

no
 l

ac
to

se
 

la
ct

os
e-

H
E

O
 

ia
ct

os
e.

H
E

O
 

no
 l

ac
to

se
 

no
 l

ac
to

se
 

bl
ue

 p
el

le
ts

,n
o

 l
ac

to
se

 

m
el

ti
ng

 a
ft

er
 m

el
t 

o
f 

W
it

ep
so

l 

la
ct

os
e.

H
E

O
 

pi
c 

w
it

h 
de

hy
dr

at
io

n 

la
ct

os
e.

H
E

O
 

pi
c 

w
it

h 
tx

 l
ac

to
se

 

no
 l

ac
to

se
 

z o :z
 

z o o 



T
ab

le
 1

 C
on

ti
nu

ed
 

O
n

se
t/

 
O

ns
et

 o
r 

P
ro

d
u

ct
 

o C
 

A
ct

iv
e 

in
gr

ed
ie

nt
 

m
el

ti
ng

/O
C

 
P

ro
du

ct
 T

G
 

C
o

m
m

en
t 

�9
 

z �9
 

S
yn

ed
il

 
12

0 
m

g 
17

5 
S

ul
pi

ri
de

 
17

5-
18

2 
(d

ec
.)

 
- 

T
ag

am
et

 2
00

 m
g 

14
0 

C
im

et
id

in
e 

14
1-

14
3 

2
.1

%
 

at
 1

50
~

 

T
ot

ap
en

 5
00

 m
g 

12
5 

A
m

p
ic

il
li

n
e 

tr
ih

yd
ra

te
 

- 
1

3
.0

%
/1

5
.2

%
/3

8
.1

%
 

V
is

k
en

 2
00

 m
g 

16
5 

P
in

do
lo

l 
17

0 
- 

Z
ad

it
en

 
1 

m
g 

18
2 

K
et

ot
if

en
 

19
5 

- 

Z
ad

it
en

 M
R

 
- 

K
et

ot
if

en
 

19
5 

3.
3 

%
 

la
ct

os
e-

H
20

 

d
eh

y
d

ra
ti

o
n

 p
ea

k 
of

 

tr
ih

yd
ra

te
, 

no
 l

ac
to

se
 

an
d 

d
ec

o
m

p
o

si
ti

o
n

 

no
 l

ac
to

se
 

no
 l

ac
to

se
 

la
ct

os
e-

H
20

, 
C

et
yl

 

p
al

m
it

at
e 

t-
 

o Z
 

Z
 

o �9
 

r,.
 

.,-
.. 90
 

-,
q 



476 GIRON, GOLDBRONN: DOSAGE FORM 

E x p e r i m e n t a l  

The instruments used are DSC-2 or DSC-7 robotic system of Perkin-Elmer with 
data station. Thermobalance is the TGA-7 with the DSC-7 Data station. 

Tablets are ground and mixed before DSC, TG scans. The content of capsules 
are introduced without treatment. Most of qualitative experiments are carried out 
under nitrogen at 20~ min -1 heating rate with crimped aluminium pans. If the 
melting of drug substance is covered by an excipient (e.g. lactose) a lower heating 
rate is used. 

Reanalysis of the curves with high sensitivity allows to study fatty acid deriva- 
tives like magnesium stearate, stearic acid, cutina. Lactose monohydrate is charac- 
terized by the dehydration peak at about 150~ (TG =5 %) and the melting peak of 
s-lactose at about 220~ Other excipients like mannitol, saccharose, pluronic, poly- 
ethyleneglycol, cetyl palmitate, are characterized by their melting peaks. Calciumhy- 
drogenephosphate dihydrate and calcium sulfate dihydrate are characterized by their 
strong dehydration peaks and TG values. For the quantitation of single values, the 
average mass of three capsules and the declared potency were taken into account. 

Resul t s  a n d  discuss ion 

Table 1 summarizes the experiments carried out with approx. 20 marketed prod- 
ucts and dosage forms in development. Comparison was done with the onset of ac- 

Table 2 Quantitation of active ingredient or excipients in drug products (n=number of deter- 
minations) 

Product Active ingredient % of theoretical value 

Capsule Drug substance 98.0 % (n= 10) [3] 

Capsule Mannitol 97.1% (n= 1) 

10 mg Drug substance in 98.2 % (n= 1) [1,2] 
Capsule 50 mg development 100.0 % (n= 1) 

Doliprane tablet Paracetamol 101.0 % (n= 1) 

Haldol tablet Haloperidol 94.0 % (n--- 10) 

Pellet batch 1 Saccharose 100.1% (n = 1) 

Visken tablet Pindolol 98.0 % (n = 1) 

Table 3 Eutectic behaviour between drug substances 

Optalidon ~ onset Tonopan ~ onset 

Tablet 95 Tablet 92 

Butalbital 139 Butalbital 139 

Coffein 239 Coffein 238 

Propyphenazon 103 Propypbenazon 103 

Dihydroergotamin 230 

J. Thermal Anal., 48, 1997 
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Table 4 Purity calculations of drug substance in drug products. Heating rate 2~ min -l except 
Antalvic (20~ min -1) 

Drug substance Active ingredient Purity 

Aspirin Acetylsalicylic acid 99.3 % 

Dotiprane Paracetamol 99.4% 

Advil Ibuprofen 98.1% 

Visken Pindolol 98.4 % 

Tagamet Cimetidine 99.4 % 

Antalvic Paracetamol 98.6 % 

Paracetamo[ 0.08 trig 

Antalvic 

/ 
Doliprane 

Huniex blue pellets 

] _.A._ 
~-- Actifed 

/ 

_ j /  ! 

Suppository - - - - ' - - - -  
J 

I [ I I [ [ 
50.0 75.0 I00.0 125.0 150.0 175.0 20 

Temoerature ('C) 

Fig. 1 Comparison of DSC of 4 marketed products and an experimental suppository contain- 
ing paracetamot at 20~ min -t heating rate 

J. Thermal Anal., 48, 1997 



478 GIRON, GOLDBRONN: DOSAGE FORM 

tive ingredient carried out in the same conditions or literature values [10]. Identifi- 
cation is quite easy for highly dosed active ingredients. Generally no interaction 
with lactose or corn starch occur, therefore quantitative determinations are possi- 
ble, Table 2 shows some examples in those cases where no or limited interaction oc- 
curs between components of the dosage form. The calculations give reliable results. 
With robotic systems, uniformity of blends and content uniformity are easy to de- 
termine [9]. 

--[ I I I I I I --  '1-" I 
7 5 . 0  125.0  175.0  225 .0  

T e ~ n ! a e r a t u r  e ( 'C) 

- - F - ~ - -  l I I I - - - I  I I 
75.0 ]25.0 175.0 225.0 

T o ~ o r a t u r e  (~ 

Fig. 2 Comparison of DSC curves of 2 compositions of DJN 608 tablets and DSC curve of 
the active ingredient. Slight interaction. (1)=DIN 608, (2)=tablet 60 mg formula- 
tion 1, (3)=placebo+DIN 608, O)--formulation 1, (5)=formulation 2 

J. Thermal Anal., 48, 1997 
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6 
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100.0 
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\ ,o.o , 

6 0 . 0  

50.Q 

\ 
- ~ . _ _  . ~ _ _ ~  4 0 . 0  

30.0 
I I"  T - - -  | ~.0 ~.0 Temoerature I'C) 

I 1 1 l I 
7 5 . 0  | ~ . 0  J ~ . O  

Fig. 3 DSC, TG curves of Advil 200 mg (Ibuprofen) 

2 

. . . .  r ~ -  T ~ - - ~  . . . . .  

4 

_ J  

J 

I I i I I I 1 I ~ - I  I 
75.0 !ES. 0 ! 75.0 225,0 275.0 

Temperature [~ 

Fig. 4 Comparison of DSC curves of 3 compositions of a new drug substance. The drug sub- 
stance is not determinable. The excipients are identified. A = formulation 1: (1) manni- 
tol, (2) Cutina; B=formulation 2: (3) poloxamer, (5) glycerol monostearate, (6) lac- 
tose monohydrate;  C = formulat ion 3: (3) poloxamer, (4) polyethyleneglycol, (5) glyc- 
erol monostearate and (6) lactose monohydrate; D = formulation 1 expanded 
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Fig. 5 Biarison tablet: Eutectic behaviour between proquazone and stearic acid. Content of 
lactose.H20 via thermogravimetry: theory 2.5 %, found 3.0% 
1 =DSC Biarison tablet, 2 = TG Biarison tablet, 3 =Lactose +alginic acid, 
4=Biarison tablet, 5=Proquazone+ 10% stearic acid, 6=Proquazone 

Figure 1 shows the DSC curves of 4 marketed products and an experimental 
suppository which contain paracetamol. 

Actifed contains paracetamol, trifolidine and pseudo-ephedrin HCI. The interac- 
tion does not allow the clear identification of active ingredients. 

Theoretically, if no interaction occur between excipients and paracetamol, 
0.08 mg of  paracetamol could be easily determined. 

J. Thermal Anal., 48, 1997 
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Fig. 6 Eutectic behaviour between components of the tablets. Examples of optalidon and 
Tonopan 

# I Totapen (Amplcllline) oelules: 27801 
Heat Flow (=w) 

# 2 Totapen ( k I p ~ c l l l t n e )  : 27822 
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/ I ""'---~_ t5.2 t I 70 .0  - ~ .  
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Fig. 7 DSC and TG curves of Totapen (ampicilline trihydrate 500 mg). Theory: 9.3 % water, 
TG found: 13.0% 
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-I00.0 
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It is very easy to detect lactose monohydrate or even 13-lactose anhydrous in two 
different placebos. In the product DJN although a slight interaction occurs, the ac- 
tive ingredient is easily identified in two different formulations (Fig. 2). 

J. Thermal Anal., 48, 1997 
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Fig. 8 DSC, TG curves of a maionate salt: (1) melting, decomposition of (2) malonic acid 
and (3) melting of the base form of the active ingredient. TG: 21.5 %, Theory: 
21.1% malonic acid 
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Fig. 9 Example of purity determination of a tablet with high strength: Doliprane 

Glass transitions of coating can also serve for identification (Fig. 3). 
Figure 4 deals with a drug substance in development. The dosis strength is low, 

the melting peak is covered by lactose monohydrate, therefore the identification of 
the active ingredient is not possible. But DSC allows to identify the excipients of 

J. Thermal Anal., 48, 1997 
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three different formulations, mannitol, poloxamer, polyethyleneglycol, glycerol 
mono stearate and lactose monohydrate. Cutina could be identified by the study of 
the expanded scale at low temperature. 

Figure 5 shows that proquazone, active ingredient of Biarison has an interaction 
with stearic acid. Since proquazone is highly dosed, the decreases of the melting 
point is low and the peak occurs before the dehydration peak of lactose. Other ex- 
cipients as silicon dioxide, povidone, alginic acid are not identified by DSC, but the 
dehydration of these excipients occur before the dehydration of lactose monohydrate 
in the curve of thermogravimetry. 

For low dosed products, DSC is limited since an eutectic behaviour with an ex- 
cipient in higher amount may occur. However the identification of 1 mg Zaditen 
was possible. 

In case of combined products like optalidon and tonopan (Fig. 6 and Table 3), 
the eutectic interaction between all components make DSC unable for identifica- 
tion. It is interesting to see that the whole product melts at approx. 90~ with ac- 
tive ingredients whose melting points are very high. 

Figures 7 and 8 show that TG is very helpful for the identification of drugs: de- 
hydration peak of ampicillin trihydrate (Fig. 7) or melting, decomposition of malo- 
nic acid and melting of the base of a malonate salt of a new entity (Fig. 8). 

Purity determination is possible [11] as demonstrated in Table 4. Theoretically 
the true purity should be higher since excipients might be determined as impurity. 
Example of purity determination is given in Fig. 9 for Doliprane. 

Conclusion 

DSC and TG techniques with robotic sample devices are very attractive for 
quick discriminative analysis of drug products, particulary for high dosed products 
and for identification of excipients. The same scan gives additionally information 
about polymorphism and pseudo polymorphism of drug substance and excipients. 
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