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Abstract This paper deals with the study of excipient–

excipient interactions, rather than more commonly studied

drug–excipient interactions. It presents the compatibility

study between two polymeric compounds used in pharma-

ceutical technology, namely polyvinyl alcohol and

polyvinylpyrrolidone, with other commonly used pharma-

ceutical excipients, like starch, mannitol, sorbitol, magne-

sium stearate and hydroxyethyl cellulose. The compatibility

investigations were carried out under ambient temperature

by FTIR spectroscopy studies and later completed by the use

of thermal analysis (TG/DTG/HF) data to study the influence

of temperature over stability of binary mixtures.

Keywords Polyvinyl alcohol � Polyvinylpyrrolidone �
Compatibility study � Thermal analysis � Pharmaceutical

excipient � FTIR

Introduction

In the field of pharmaceutical technology, compatibility

study is of great importance, since the stability of the active

pharmaceutical ingredient can be dramatically changed by

the selection of excipients. However, the solid-state stability

of the final pharmaceutical formulation can be affected by

the interactions occurring between excipients as well. Even

if up to the date, these interactions weren’t investigated as

much as drug–excipient ones, it is of great importance to

analyze their occurrence in solid formulations.

Polyvinyl alcohol (PVA) is a synthetic polymer, with an

increased solubility in highly polar and hydrophilic sol-

vents such as water, dimethyl sulfoxide, ethylene glycol

and N-methyl pyrrolidone. However, the solubility of PVA

in water depends on factors such as the degree of poly-

merization and temperature. The PVA hydrogels (PVAH)

have been used for a variety of biomedical and pharma-

ceutical applications [1–3], due to the fact that they do not

have toxic or carcinogenic properties, as well as they are

not bio-adhesive. PVA is mainly used as granulation binder

and binding agent [4–7] or as a potential disintegrant, after

functionalization [8] in solid or semisolid formulations.

PVA is also used as a viscosity-increasing agent for oph-

thalmic formulations, but in oral formulations and sus-

tained release transdermal patches as well [9, 10].

Copolymers, such PEG-PVA, are used mainly in the

production of instant-release tablet coatings for pharma-

ceuticals and dietary supplements [11].

Polyvinylpyrrolidone (PVP) is a water-soluble polymer,

available in various grades, based on the average molar

mass. Nowadays, it is mainly used in pharmaceutical tech-

nology of solid formulations as a binding agent [12–14].

PVP is also employed in increasing the bioavailability of

active pharmaceutical ingredients, by improving their dis-

solution, acting as a solubilizing agent [9]. PVP also modi-

fies surface tension and it is used in pharmaceutical

formulations to increase the water solubility of drugs, such

as eprosartan, a low-solubility drug, which has been used to

treat high blood pressure [15].
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PVP is highly soluble in solvents of different polarities,

and the physico-chemical properties made it one of the most

important excipients in pharmaceutical technology [16].

The chemical structures of PVA and PVP are presented

in Fig. 1.

These two excipients were intensely studied in the field of

pharmaceutical technology, mainly in preformulation study.

In several papers, the compatibility of these excipients in

binary [17–22] or ternary systems [23] was investigated, but

always along with an active pharmaceutical ingredient. To

our knowledge, the solid-state interactions between these

polymeric compounds and other excipients used in phar-

maceutical technology were not reported up to the date.

According to these considerations and the widespread

presence of PVA and PVP in numerous pharmaceutical

solid dosage forms, we set our goal in evaluating the

compatibility/incompatibility of these polymeric excipients

with five other currently used excipients, namely starch

(St), mannitol (Man), sorbitol (Sorb), magnesium stearate

(MgSt) and hydroxyethyl cellulose (HCel). The employed

instrumental techniques are thermal analysis (TG/DTG/

HF) and FTIR spectroscopy, in order to quantify the ther-

mally induced interactions between the components. This

study acts as a preliminary formulation study for analyzing

the occurrence of interaction in commercial solid dosage

forms between excipients, being known that a solid for-

mulation generally contains more than two excipients.

Materials and methods

Polyvinyl alcohol (PVA) was purchased from Merck (MW

approx. 145000, fully hydrolyzed, lot: S6585194331).

Polyvinylpyrrolidone (PVP) was purchased from BASF

Aktiengesellschaft, Germany (lot: 95658675LO). Both

compounds were used as received, without further purifi-

cation. The excipients (pharmaceutical grade) were used as

received, as follows: starch (Grain Processing Corporation,

USA), mannitol (Merck, Germany), sorbitol (Sigma-

Aldrich, Germany), magnesium stearate (Sigma, Germany)

and hydroxyethyl cellulose (Sigma, Germany).

The binary mixtures of PVP ? excipient and

PVA ? excipient were prepared by manual grinding of

equal masses of polymeric compounds and each excipient in

an agate mortar for approximately 5 min. The 1:1 (m/m) ratio

was chosen in order to maximize the probability of observing

the interaction(s).

The thermoanalytical TG/DTG/HF curves were deter-

mined using a PerkinElmer DIAMOND equipment, in air

atmosphere (100 mL min-1), under non-isothermal con-

ditions at a heating rate b = 10 �C min-1. Samples were

put into aluminum crucibles and heated by increasing

temperature from ambient up to 400 �C. For determining

the thermal effects, the DTA data (lV) were converted in

normalized HF (Heat Flow) data (Wg-1).

Universal Attenuated Total Reflection Fourier Trans-

form Infrared Spectroscopy (UATR-FTIR) spectra of the

samples were registered on a PerkinElmer Spectrum 100

device. Spectra were collected after 32 co-added scans,

with a resolution of 4 cm-1, on the spectral domain

4000–600 cm-1.

Results and discussion

Thermoanalytical investigations

All the samples were investigated by thermal analysis

(Figs. 2, 3). In order to determine if any interactions occur

between the polymeric samples PVA and PVP and selected

excipients, the thermoanalytical profile of each pure com-

ponent was investigated versus the 1:1 (m/m) binary mix-

ture (Table 1).

Binary mixtures of PVA

The thermoanalytical profile of PVA ? St shows small

endothermic peaks corresponding to the superimposing of

thermal events observed in the case of pure components.

According to thermal analysis, no interaction was evi-

denced between the samples during heating.

The analysis of PVA ? HCel revealed two separate

degradative processes on the TG curve, with a total mass

loss of 92.0 %. The HF curves revealed three maximums,

and they were also found in the HF curves of the pure

samples. Following this, no interaction occurs between

these components during heating.

For the binary mixture of PVA ? Man, the total mass

loss is 95 %. No interactions took place at temperatures

under 200 �C. However, the melting peak of PVA at

226 �C disappeared from the curve of the binary mixture.

Also, the degradation event of Man from 344 �C is shifted

to 325 �C. In this case, it can be said that these two

excipients are compatible only up to 200 �C.
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Fig. 1 Chemical structures of a PVA and b PVP
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Fig. 2 Thermoanalytical curves (TG/DTG/HF) obtained in air atmosphere at b = 10 �C min-1 for PVA ? St (a), PVA ? HCel (b),

PVA ? Man (c), PVA ? Sorb (d) and PVA ? MgSt (e)
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Fig. 3 Thermoanalytical curves (TG/DTG/HF) obtained in air atmosphere at b = 10 �C min-1 for PVP ? St (a), PVP ? HCel (b),

PVP ? Man (c), PVP ? Sorb (d) and PVP ? MgSt (e)

174 R. Blajovan et al.

123



Table 1 Thermoanalytical data obtained during heating at 10 �C min-1 of pure components versus binary mixtures

Samples TG Dm/% Tpeak HF/�C DHtransformation/W g-1

Tinitial/�C Tfinal/�C

St 38.5 130.9 9.6

250 430 79.8 274.9 0.58

311.4 0.62

347.1 -6.31

HCel 38.2 206.5 3.4 – –

206.5 450 78.6 302.1 -3.4

Man 238 368.5 100 167.6 5.19

344.8 2.22

Sorb 232 370 99.62 98.39 -349.0

-2.01 2.18

MgSt 86.3 112.1 2.2 105.0 1.59

124.6 1.06

178.9 400 39.63 183.5 -0.3

317.9 -1.43

335.0 0.83

PVA 100 233.3 5.12 225.9 1.32

234 273.7 5.19 273.1 0.81

274 397.6 69.1 420.8 -2.3

PVA ? St 38.9 175.5 6.0 – –

216.9 329.1 37.8 227.1 0.98

308 -1.93

329.1 430.9 45.64 423.5 -3.6

PVA ? HCel 39.2 170.6 3.6 – –

170.6 450 88.4 225.5 0.663

301.1 -2.01

420.3 -4.24

PVA ? Man 78 234 2.02 169.9 3.17

234 450 93.0 325 1.29

PVA ? Sorb 232 450 93.0 98.8 -325.8

-1.42 1.04

PVA ? MgSt 86.3 450 68.0 223.0 3.26

PVP 39.3 78.2 10.2 – –

183.7 405.9 19.5 361.9 -2.01

406 500 51.3 471.6 -4.84

PVP ? St 45 150 10

200 350 37.8 315.3 0.89

351 413 7.67 360 -2.09

413 480 22.1 – –

PVP ? HCel 45 215 0.81 – –

215 408 52.0 305.1 -2.34

408 510 29.9 453.6 -2.59

494.6 -8.01

PVP ? Man 50 240 0.6 166.8 4.02

243 384 59.1 332 1.79

363.2 -1.23

384 450 40.3 – –

Study of thermal induced excipient–excipient interactions 175

123



The behavior of mixture between PVA ? Sorb is sim-

ilar to the behavior of PVA ? Man sample. This fact can

be explained by the similarity of structures of the two sugar

alcohols, Man and Sorb. PVA is compatible with Sorb only

up to 170 �C.

For PVA ? MgSt, the melting peak of PVA appears at

the same temperature as in the case of pure sample, but the

thermoanalytical profile of the salt is totally modified in the

binary mixture. It can be said that the two components are

incompatible, namely that PVA determines the disappear-

ance of thermal events corresponding to MgSt, i.e., its

chemical degradation.

Binary mixtures of PVP

The physical mixture PVP ? St shows no interactions at

temperatures below 325 �C. At higher temperatures, the

degradation of starch occurs, the binary mixture having a

similar HF profile to the one of pure PVP.

The thermoanalytical curves of PVP ? HCel show

thermal stability up to 251 �C. The HF curve also sustains

this compatibility, since no exothermal/endothermal events

took place.

For the PVP ? Man, no interactions are observed up to

300 �C. Above this temperature, the thermal event

observed on the HF curve of pure Man is shifted from

344.8 to 332 �C, while the characteristic peak of PVP is

unshifted.

In the case of PVP ? Sorb mixture, the binary mixture

is stable up to 250 �C. Also, with the increasing of tem-

perature, modification of the PVP structure took place. The

characteristic HF peaks of Sorb are at the same temperature

in the binary mixture as in the case of pure Sorb, while the

characteristic HF peak of PVP from 362 �C disappeared.

PVP ? MgSt thermoanalytical profile is the superim-

posing of the curves determined for pure components.

MgSt is compatible with PVP up to 300 �C, and with the

increasing of temperature over this limit, the behavior of

mixture is totally dissimilar to the one of pure excipients.

Spectroscopic investigations

Initially, the spectra of polymeric samples PVA and PVP

were investigated by UATR-FTIR technique at 25 �C
versus thermally treated samples up to 350 �C (Fig. 4). The

spectra of pure PVA is relatively simplistic, since the

structure consists of few types of bonds. The broadband

between 3600 and 3000 cm-1 is due to O–H stretching

vibrations of intermolecular polymeric association by

H-bond from the structure. The C–H stretching vibrations

from polymers appear around 2910–2930 cm-1, with

peaks at 2919 and 2911 cm-1. The C–H deformation

vibrations appear at 1421 and 1321 cm-1. The C–O

stretching deformation from the secondary alcohol appears

at 1141 and 1083 cm-1, while the hydrocarbonated chain

skeletal vibrations appear at 834 cm-1. After thermal

treatment at 350 �C, some modifications appear in the

FTIR spectrum, as follows: modification of the broad sig-

nal corresponding to stretching vibration of O–H groups,

and appearance of new bands at 1700 and 1598 cm-1.

Table 1 continued

Samples TG Dm/% Tpeak HF/�C DHtransformation/W g-1

Tinitial/�C Tfinal/�C

PVP ? Sorb 39 150 5.2 97.43 1.98

241 345 58.4 333.8 1.35

345 411 16.8 – –

412 508 18.8 463.5 -2.44

PVP ? MgSt 39 188 8.9 104.7 1.09

188 450 67.7 189.3 0.096
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PVA_350C

PVP
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Fig. 4 UATR-FTIR spectra of PVA and PVP samples at 25 �C
versus thermally treated samples at 350 �C

176 R. Blajovan et al.

123



These bands can be attributed to the formation of oxidation

products of PVA at the secondary alcohol, probably to a

keto group (intense sharp band at 1700 cm-1), while the

other band can be associated with intramolecular dehy-

dration and formation of C=C bonds. Also, the character-

istic vibrations of C–O bonds are no longer present in the

spectrum, suggesting their chemical modification, as pre-

viously stated. The skeletal vibrations of the hydrocar-

bonated chain are still visible in the spectrum, suggesting

that at this temperature, the advanced thermooxidations do

not occur.

In the case of PVP spectra, a more complex pattern is

observed and is correlated with the chemical structure of

the polymeric chain. The broadband between 3700 and

3100 cm-1 is due to the presence of water in the structure,

while the C–H vibrations appear at 2954, 2929 and

2911 cm-1. The C=O characteristic keto band appear as a

sharp intense band at 1644 cm-1. These bands appear also

in the case of thermally treated sample at 350 �C, with

some minor modifications: the broadband around
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Fig. 5 UATR-FTIR spectra of

analyzed excipients
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Fig. 6 UATR-FTIR spectra for PVA samples recorded before

thermal treatment
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Fig. 7 UATR-FTIR spectra for PVP samples recorded before

thermal treatment

Tr
an

sm
itt

an
ce

/a
.u

.

Wavenumber/cm–1

4000 3200 2400 1800 1400 1000 650

PVA_500

PVA + St_500

PVA + HCel_500

PVA + Man_400

PVA + Sorb_500

PVA + MgSt_500

Fig. 8 UATR-FTIR spectra of the remaining chars after heating at

400/500 �C of the binary mixtures of PVA and excipients
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3700–3100 cm-1 decreased in intensity due to water loss,

while the keto band is shifted to 1649 cm-1. This com-

parative study revealed that the thermal treatment at

350 �C determines increased modifications in the case of

PVA sample, while in the case of PVP sample, these are

not that relevant. These results are also correlated with the

mass loss in these temperature ranges, being 39 % for PVA

and 23 % for PVP.

The FTIR spectra of pure excipients (Fig. 5) are pre-

sented for a better comparison and interpretation of the

spectral data registered for binary mixtures (Figs. 6, 7). In

the case of binary mixtures PVA ? excipients and

PVP ? excipients, the simple grinding under ambient

temperature do not induce any interactions. Practically, all

the FTIR spectra of the samples consist of the superim-

position of the FTIR spectra of pure components. These

results can be correlated with the ones from thermal anal-

ysis, leading to the main conclusion that PVA and PVP are

compatible under ambient conditions with all selected

excipients.

In order to evaluate the thermolysis of the binary sam-

ples after thermal treatment up to 500 �C, UATR-FTIR

spectra were collected. In the case of PVA, the thermal

treatment at 500 �C determined an advanced degradation

of the polymeric structure of the excipient. However,

several IR bands were evidenced in the analysis of the

chars: 2879 and 2848 cm-1 corresponding to the stretching

vibrations of C–H bonds from hydrocarbonated chain,

1428 cm-1 for C–H deformation vibrations and 879 for the

skeletal vibrations of the –(CH2)n– moieties. FTIR spectra

also showed that under advanced thermal treatment, the C–

O and O–H bonds were broken, since no bands appear in

the characteristic spectral region for these moieties. The

same bands are present in the spectra of binary mixtures

after thermal treatment, suggesting that the degradation of

the added excipients to PVA occurs more rapidly, and the

remaining char is solely due to the presence of the PVA.

Solely in the case of PVA ? St, the FTIR spectra were

determined after thermal treatment at 400 �C, due to the

fact that the remaining char after thermolysis at 500 �C was

insufficient for the analysis (Fig. 8).

In the case of binary samples with PVP content, UATR-

FTIR revealed a more advanced thermal degradation of the

polymeric structure. Only for the binary mixture

PVP ? St, a band was observed around 1625 cm-1, while

in the case of PVP ? MgSt, three bands were observed

around 1610, 1440 and 1150 cm-1 and can be associated

with magnesium-containing residues (Fig. 9).

Conclusions

In this paper, the thermal behavior of binary mixtures of

two polymeric compounds currently used in pharmaceuti-

cal technology was investigated. The compounds (poly-

vinyl alcohol and polyvinylpyrrolidone) were studied by

thermoanalytical techniques as pure components, and as

binary mixtures with other currently used pharmaceutical

excipients. It was shown that under ambient conditions,

both polyvinyl alcohol and polyvinylpyrrolidone are com-

patible with starch, mannitol, sorbitol, magnesium stearate

and hydroxyethyl cellulose, while under heating, no inter-

actions occur below 170 �C in all ten studied binary mix-

tures. These observations can be useful in preformulation

studies in pharmaceutical technology, suggesting that in

solid dosage forms, both PVA and PVP can be used along

with previously mentioned excipients.
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