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Abstract  The determination of the composition of PVP-PVAc copolymers and blends is essential for  
knowing their polymeric properties and appropriate applications. In order to create a streamlined way to  
quantify the composition of PVP-PVAc copolymers and blends, the qNMR methodology alongside  
FTIR and elemental analysis were used to develop calibration curves for industrial use. We report on the 
methodologies used to determine % PVP content in the copolymers and blends in question as well as the results 
obtained via NMR, FTIR, and elemental analysis. Results from the NMR analysis were corroborated with 
calibration curves used to determine % PVP composition using FTIR and were further corroborated with elemental 
analysis results. The PVP-PVAc copolymers used ranged from 30 to 70 mol% PVP and the blends ranged from 20 
to 80 weight% PVP. 
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1. Introduction 

Proton Nuclear Magnetic Resonance Spectroscopy and 
Fourier Tranform Infrared Spectroscopy have been 
frequently used for qualitative and quantitative analysis of 
organic compounds and polymers [1-9]. However, the 
copolymer composition of PVP-PVAc copolymers has not 
been investigated thus far with proton NMR. These 
copolymers have a wide variety of practical applications 
in various industries including drug delivery, cosmetics, 
hair-styling, etc. [10]. PVP-PVAc copolymers have been 
used specifically in order to increase the dissolution of 
drugs that are less soluble in water than desirable such as 
indomethacin, tolbutamide, and nifedipine [11,12,13,14]. 
Typically these copolymers have been used to formulate 
the aforementioned drugs by means of hot melt extrusion 
as glass solutions and the results consistently show higher 
bioavailability [10]. PVP has been used in over 900 
commercial cosmetic products [15] and PVP-PVAc 

copolymers are the most commonly used copolymers in 
the cosmetic industry, comprising over 40% of rinse-off 
products such as paste masks and mud packs [16].  
PVP-PVAc copolymers are also frequently used in hair 
sprays and have been proven to be both safe and effective 
[16,17,18,19]. PVP-PVAc finds use in FDA approved 
food supplements as well [20]. Due to the fact that  
PVP-PVAc copolymer usages vary based off the copolymer 
composition, it is of critical importance to develop a 
toolset that will allow industry leaders to determine their 
products copolymer ratio for quality control purposes. The 
objective of this study was to use a variety of techniques 
to quantify the % PVP in copolymers and physical blends 
with PVAc. In order to do this, elemental analysis, FTIR, 
and proton NMR have been used in order to develop 
calibration curves by which one can determine the copolymer 
composition of PVP-PVAc copolymers and physical 
blends. The PVP-PVAc copolymers analyzed in this study 
ranged from 30-70 mol% PVP. In addition to copolymers 
of PVP-PVAc, blends were also analyzed via FTIR and 
NMR and these ranged from 20 – 80 weight % PVP.  
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2. Materials and Methods  

2.1. Materials 
For the NMR analysis of the PVP-PVAc copolymers 

and blends, a 400 MHz JEOL model ECS-400 NMR 
spectrometer was used. The JEOL Delta NMR control and 
process software version 5.0.2 (Windows) were used to 
analyze individual spectrum. Each sample was run in 
deuterated chloroform without an internal reference 
standard as a 32 scan single pulse, 1D proton NMR with a 
0.25 Hz resolution and a relaxation time ranging from 8 to 
10 seconds. The NMR tubes used in this study were 
Wilmad Pyrex glass 5 mm x 7” thin wall tubes. Any 
vendors of NMR hardware and software can be used to 
perform this experiment. The PVP-PVAc copolymers 
were obtained from Scientific Polymer Products (SP2), 
Inc., Ontario, N.Y. These copolymers ranged from 30 to 
70 mol% PVP. The 30, 50, and 70% copolymers were 
obtained as 50 w/w% solutions in isopropanol. Each 
sample of PVP-PVAc copolymer was analyzed in the 
solid phase. Blends of PVP and PVAc were prepared by 
dissolving PVP homopolymers having a Mw of 40K 
Daltons with homopolymers of PVAc having a Mw  
of 39K Daltons in methanol. These solutions were 
evaporated in a vacuum oven at 50oC at 20 mm of Hg 
leaving solid blends of homopolymers ranging from 20 to 
80% PVAc. For FTIR analysis of the PVP-PVAc 
copolymers and blends, a Bruker Alpha-P® FT-IR 
spectrometer with a Platinum® attenuated total internal 
reflectance (ATR) quick snap module with a diamond 
crystal was used. The Alpha-P unit has a Michelson 
Interferometer with a SiC globar as the IR source, the time 
dependence of the IR intensity is measured with a 
pyroelectric DTGS detector. The data analysis was  
done using the Bruker OPUS® software version 7.0.122. 
The spectra were displayed as absorbance vs frequency  
in wavenumbers ranging from 500 to 4000 cm-1.  
The spectra were done in absorbance mode since 
absorbance is proportional to concentration according to 
Beer’s Law.  

2.2. Methods 
Summarized in Table 1 and Table 2 are the copolymer 

solutions and blend solutions prepared for NMR analysis 
respectively. These samples were left in 2ml sample vials 
over-night and were sealed with Teflon caps. This was 
done in order to maximize the dissolution of the 
copolymers. After dissolving over-night, the samples were 
then aliquotted into NMR tubes in 400 ul increments using 
a p1000 Gilson Classic pipette. Approximately 1.000 
grams of each blend used in this study were prepared by 
weighing PVP and PVAc homopolymers in the amounts 
shown in Table 3. For FTIR analysis, the PVP-PVAc 
samples were analyzed with no sample preparation other 
than being pressed between the anvil and the diamond 
crystal of the ATR unit in the solid phase. The samples 
were measured using 16 scans at a resolution of 4 cm-1. 
The elemental analysis of the PVP-PVAc copolymers was 
done via Galbraith Laboratories in Knoxville Tennessee 

and the %C, %H, and %N were obtained to determine % 
PVP. 

Table 1. Summary of NMR solutions of PVP-PVAc Copolymers 

Nominal mole% PVP Weight (mg) Volume of CDCl3 (ml) 

30 22.2 1.00 

50 20.1 1.00 

60 21.3 1.00 

70 21.6 1.00 

Table 2. Summary of NMR solutions of PVP-PVAc Blends 

Gravimetric weight % PVP Weight (mg) Volume of CDCl3 (ml) 

20 18.9 1.00 

40 21.3 1.00 

50 20.6 1.00 

60 18.8 1.00 

80 19.2 1.00 

Table 3. Summary of PVP-PVAc blend composition 

Weight of PVP (g) Weight of PVAc (g) Weight % PVP 

.8046 .1867 81.17 

.6005 .4005 59.99 

.5140 .4862 50.39 

.4025 .5961 40.31 

.2013 .8005 20.09 

2.3. Hazards 
Persons with metallic implants should not be near the 

NMR as the strong magnetic field poses a danger to 
people with metallic implants and pacemakers. Deuterated 
chloroform is acutely toxic orally, dermally, and via 
inhalation, it is also a suspected carcinogen as such the use 
of a safety hood, goggles, and gloves are required. 
Methanol is highly flammable and toxic if inhaled, thus 
use of a fume hood is required.  

2.4. Statistical Analysis 
NMR samples were run five times and the data reported 

is the average % PVP determined via the calibration curve. 
FTIR analysis was run eight times and the data reported is 
the average. Elemental analysis data was reported as the 
average %C, %H, and %N determined via duplicate 
analyses. The standard deviations ranged from 0.259 to 
0.0068. 

3. Results and Discussion  

3.1. NMR Analysis 
Figure 1 through Figure 4 are the NMR spectra of PVP 

homopolymer, PVAc homopolymer, 30% PVP-PVAc 
Copolymer, and 50% PVP-PVAc Blend respectively. 
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Figure 1. Proton NMR Spectrum of the PVP homopolymer in CDCl3 

 

 

Figure 2. Proton NMR Spectrum of the PVAc homopolymer in CDCl3 

 

 

Figure 3. Proton NMR spectrum of the 30 mol% PVP, PVP-PVAc Copolymer in CDCl3 
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Figure 4. Proton NMR spectrum of the 50 weight% PVP, PVP-PVAc Blend in CDCl3 

All peaks at 7.2 ppm are due to the chloroform solvent, 
this peak is far downstream due to the highly de-shielding 
chemical environment the proton of the chloroform 
experiences because of the extremely electronegative 
chlorine atoms attached to the carbon. The NMR spectrum 
of PVP shows that there are peaks at 3.7 ppm, 3.2 ppm, 
and from 2.5 to 1.4 ppm. The 3.7 ppm peak is associated 
with the methyne proton underneath the pyrrolidone ring. 
This is due to the highly polar nature of the carbon-nitrogen 
bond as well as the electron withdrawing effects of the 
carbonyl carbon in the pyrrolidone ring. These two factors 
create the most de-shielded environment of all the protons 
involved. The 3.2 ppm peak is associated with the 
methylene proton of the carbon adjacent to the methyne 
carbon previously mentioned. These protons are located 
upstream of the methyne protons due to them being 
located farther away from the carbonyl group in the 
pyrrolidone ring as well as farther away from the carbon-
nitrogen bond. The series of peaks from 2.5 to 1.4 ppm are 
all associated with the six protons in the pyrrolidone ring 
as they are the least de-shielded of all the protons involved 
in the structure since the electron withdrawing effects of 
the carbonyl carbon and carbon-nitrogen bond, in essence, 
cancel each other out to a more appreciable extent for the 

protons in the ring. The NMR spectrum of PVAc show 
peaks at 4.8 ppm, 2.1 ppm, and 1.8 ppm. The 4.8 ppm 
peak corresponds to the methyne proton above the oxygen 
of the acetate moiety. This is due to the polar nature of the 
carbon-oxygen bond as well as the electron withdrawing 
effects of the carbonyl group. This chemical environment 
is the most de-shielding and therefore the proton would 
resonate downstream of the others. The peak at 2.1 ppm 
corresponds to the terminal methyl group adjacent to the 
carbonyl carbon. The carbonyl carbon creates a moderately 
de-shielding environment for the methyl protons and 
therefore they resonate downstream of the protons in the 
backbone. The polar bond between the carbon and oxygen 
is not present in the terminal methyl group and therefore it 
resonates upstream of the methyne proton. The peak at 1.8 
ppm corresponds to the methylene protons present in the 
backbone of the PVAc homopolymer, these protons are 
not subject to polar bonds nor are they close enough to the 
carbonyl carbon to resonate further downstream, though 
the acetate moiety does cause some de-shielding leading 
them to resonate closer to 2 rather than 1 ppm. Table 4 
summarizes the critical peaks associated with PVP and 
PVAc including their normalized integration value as well 
as their chemical shift value. 

Table 4. Summary of key 1H NMR peaks for PVP and PVAc homopolymer 

 

 
 

 PVP PVAc 

 homopolymer 

Protons Chemical shift value (ppm) Normalized Integration value Protons Chemical shift value (ppm) Normalized Integration value 

A 3.7 1.00 A 4.8 1.00 

B 3.2 1.95 B 2.1 3.00 

C, D, E 2.5-1.4 6.15 C 1.8 1.93 
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In order to determine % PVP in the PVP-PVAc 
copolymers and blends, the following equation was used:  

 #     % 100* .
#       

of methyne PVP protonsPVP
of methyne PVP and PVAc protons

= (1) 

Table 5 summarizes the weight % PVP determined by 
NMR and the actual weight % PVP for the copolymers. 
Table 6 summarizes the weight % PVP determined via  
the calibration curve versus the actual weight % PVP  
for copolymers. Figure 5 shows the calibration curve 
relating qNMR determined weight % PVP versus actual 
weight % PVP with error bars representing a 95% 
confidence interval using a student’s t distribution with n 
= 5 and 4 degrees of freedom. The relationship is 
decidedly linear, with a coefficient of determination 
greater than 0.999.  

Table 5. Summary of qNMR Determined Weight % PVP vs Actual 
Weight % PVP Derived From Nominal Mole%  

qNMR weight % PVP Actual weight % PVP 

34.55 33.65 

47.13 47.30 

49.05 49.85 

58.15 60.09 

Table 6. Summary of Calibration Curve Weight % PVP vs Actual 
Weight % PVP Derived From Nominal Mole% 

Calibration curve weight % PVP Actual weight % PVP 

34.65 33.65 

46.84 47.30 

49.11 49.85 

58.25 60.09 

 

Figure 5. actual weight % PVP plotted against average qNMR weight % 
PVP in copolymers with PVAc. Error bars represent 95% CI with n = 5 

Table 7 showcases the qNMR weight % PVP in blends 
with PVAc versus actual weight % PVP. Table 8 indicates 
the calibration curve determined weight % PVP in blends 

with PVAc versus actual weight % PVP. Figure 6 shows 
the calibration curve for the PVP-PVAc blends and plots 
the actual weight % PVP versus the average qNMR 
determined weight % PVP. The curve displays an 
extremely linear relationship, having an R2 value greater 
than 0.999.  

Table 7. Summary of qNMR Weight % PVP and Actual Weight % 
PVP in Blends with PVAc  

qNMR weight % PVP Actual weight % PVP 

79.66 81.17 

59.86 59.99 

50.18 51.39 

39.10 40.31 

20.00 20.09 

Table 8. Summary of Calibration Curve Determined Weight % PVP 
and Actual Weight % PVP in Blends with PVAc 

Calibration curve weight % PVP Actual weight % PVP 

79.87 81.17 

59.02 59.99 

50.55 51.39 

39.64 40.31 

19.73 20.09 

 

Figure 6. Actual weight % PVP plotted against average qNMR weight % 
PVP in blends with PVAc 

3.2. FTIR Analysis 
Figure 7 through Figure 9 showcase the FTIR spectra of 

the PVP homopolymer, the PVAc homopolymer, and a  
50% PVP, PVP-PVAc copolymer respectively. 

The PVP homopolymer displays an absorbance peak at 
1670 cm-1 due to it containing a carbonyl carbon and  
this is the C=O stretch vibrational mode. The PVAc 
homopolymer displays an absorbance peak at 1230 cm-1 
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due to its ester functionality, this peak corresponds to a C-
O stretching between the methyne carbon and the oxygen 
adjacent to the carbonyl carbon. These are the two peaks 
that are used to determine % PVP in the copolymers and 
blends since they are unique identifiers of the level of PVP 
and PVAc. The PVP carbonyl peak absorbs infrared 
radiation at lower wavenumbers than the PVAc carbonyl 
peak and therefore by taking the area of the strong peak at 
1670 cm-1 and dividing it by the area of the strong peak at 
1230 cm-1 it is possible to gauge % PVP levels in the 
copolymer by relating the ratio and the known % PVP 

present. Table 9 shows the FTIR integration ratio between 
the 1670 cm-1 tagged for PVP and the 1230 cm-1 peak 
tagged for PVAc. In all cases, as the % PVP increased in 
the sample, so too did the observed ratio. Figures 10 and 
11 showcase the calibration curves developed by relation 
nominal mole % PVP to the absorbance ratio and by 
relating the experimentally determined weight % PVP to 
the absorbance ratio. Both relations show error bars 
representing one standard deviation from the mean with  
n = 8. Both graphs show a strong linear correlation, 
having R2 values greater than 0.99. 

 

Figure 7. FTIR spectrum of PVP homopolymer. The major characteristic PVP Absorbance band was located at 1650 cm-1
 

 

Figure 8. The FTIR spectrum of PVAc key bands are at 1728 cm-1, 1433 cm-1, 1370 cm-1, 1224 cm-1, and 1016 cm-1 
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Figure 9. FTIR spectrum of 50% PVP, PVP-PVAc copolymer. The characteristic PVP band is located at 1670 cm-1
 and the PVAc band is located at 

1230 cm-1 

 

Figure 10. Nominal mole % PVP plotted versus average PVP:PVAc 
peak area ratios 

Table 9. Summary of FTIR Integration Ratios for PVP-PVAc 
Copolymers  

Weight % PVP 
(Experimental) 

Mole % PVP 
(Nominal) 

PVP(1670cm-1):PVAc(1230cm-1) 
peak area ratio 

60.09 70 2.30 

49.85 60 1.82 

47.30 50 1.57 

33.65 30 0.76 

 

Figure 11. Experimental weight % PVP plotted versus average 
PVP:PVAc peak area ratios 

Table 10. Summary of Average FTIR Ratios for Blends of PVP-
PVAc 

Weight % PVP  PVP:PVAc peak area ratio 

81.17 2.71 

59.99 2.01 

50.39 1.59 

40.31 1.17 

20.09 0.45 
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Table 10 shows the FTIR ratios between the PVP peak 
and the PVAc peak with relation to the weight % PVP in 
PVP-PVAc blends. Figure 12 shows the calibration curve 
developed by running FTIR analyses of each sample eight 
times. Error bars represent one standard deviation from 
the mean. In all cases the ratio increased as the weight % 
PVP increase and is shown to be a very strong linear 
correlation, having a coefficient of determination greater 
than 0.99. 

 

Figure 12. Experimental weight % PVP plotted versus average 
PVP:PVAc peak area ratios 

3.3. Elemental Analysis 
The experimental weight % PVP was determined via 

elemental analysis, the results are described in Table 11 
which includes % Carbon, % Hydrogen, %Nitrogen, 
and %Oxygen which was obtained by difference. In order 
to determine the exact % PVP, the following equation was 
used: 

  ( )% % /12.61*100%PVP N=  (2) 

Table 11. Summary of Elemental Analysis Results for PVP-PVAc 
Copolymers. 
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55.19 60 58.5 7.67 6.959 26.87 49.85 

49.85 50 59.05 7.743 6.239 26.97 47.30 

34.73 30 58.31 7.45 4.379 29.86 33.65 

 
Figure 13 shows the relationship between the 

experimentally determined weight % PVP versus the 
nominal weight % PVP which was obtained via 
converting the nominal mole % PVP to weight %. In all 
cases, the experimental weight % PVP increased as the 

nominal weight % PVP increased. The relationship is 
linear with an R2 value greater than 0.96. 

 

Figure 13. Nominal weight % PVP plotted versus experimental weight  
% PVP  

4. Conclusions 

1H NMR, FTIR, and Elemental Analysis are indispensable 
tools for determining copolymer composition of PVP-
PVAc copolymers, they can be used in isolation or in 
tandem in order to get an accurate depiction of the % PVP 
contained within the copolymer. The most accurate 
method is 1H NMR which showed the highest degree of 
linearity as well as the highest specificity compared to the 
other methods shown. The methodology used in this study 
can be readily adapted for industrial use in all applicable 
areas, as all the methods utilized are high throughput 
quality control mechanisms. NMR, FTIR, and Elemental 
Analysis all align very closely. The above analysis serves 
as evidence of the quantitative utility of these tools in an 
industrial setting. 
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