L.

IJPRA Journal

International Journal of Pharmaceutical research and Applications
) Volume 11, Issue 4, Jul.-Aug. 2026, pp:405-409 www.ijprajournal.com
&N

Comparative UV-Visible and Ftir Spectroscopic Characterization
of Nebivolol and Carvedilol for Pharmaceutical Quality
Assessment

Dr. Namratha. Sunkara’,V.AkshithaV.Jagadish, U. Shalanna, V.Bhargavi,

V.Swapna
Department of Pharmaceutical Analysis, Bharat Institute of Pharmacy, Mangalpally, Hyderabad,501510.
*Corresponding author: Dr Namratha. Sunkara Associate Professor Department of Pharmaceutical Analysis
,Mangalpally, Hyderabad,501510. Phone:9951474021

Date of Submission: 05-07-2026

Date of Acceptance: 16-07-2026

ABSTRACT

Nebivolol and Carvedilol are widely prescribed f-
adrenergic blocking agents used in the management
of hypertension, chronic heart failure, and other
cardiovascular disorders. Rapid and reliable
spectroscopic techniques are essential for routine
quality control and identification of these
pharmaceutical compounds.The present study aimed
to evaluate the applicability of UV-Visible and
Fourier Transform Infrared (FTIR) spectroscopy for
the qualitative and quantitative characterization of
Nebivolol and Carvedilol.Standard solutions of
Nebivolol and Carvedilol were prepared in
methanol. UV spectra were recorded over the
wavelength range of 200—400 nm for determination
of Amax and calibration curves. FTIR spectra were
recorded between 4000 and 400 cm™ using the
potassium bromide pellet technique to identify
characteristic functional groups. Beer—Lambert's law
was evaluated over the concentration range of 2—-20
pug/mL.Nebivolol exhibited maximum absorbance at
281 nm, whereas Carvedilol showed Amax at 285
nm. Excellent linearity was obtained within the
concentration range of 2-20 pg/mL with correlation
coefficients of 0.9992 for Nebivolol and 0.9989 for
Carvedilol. FTIR spectra confirmed the presence of
characteristic functional groups including O—-H, N—
H, aromatic C-H, C-O and C-N stretching
vibrations corresponding to the chemical structures
of both drugs.UV-Visible and FTIR spectroscopy
provide rapid, economical, accurate and
reproducible  analytical tools for  routine
pharmaceutical characterization of Nebivolol and
Carvedilol. These techniques are suitable for quality
control laboratories owing to their simplicity and
reliability.

Keywords: Nebivolol, Carvedilol, uv
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I. INTRODUCTION

Spectroscopic techniques are among the
most important analytical tools employed in
pharmaceutical analysis because they provide rapid,
non-destructive and reliable identification of
pharmaceutical compounds. UV-visible
spectroscopy is widely utilized for quantitative
estimation of drugs owing to its simplicity, precision
and cost-effectiveness, while Fourier Transform
Infrared (FTIR) spectroscopy provides molecular
fingerprinting based on functional group vibrations.

Nebivolol is a highly selective pI1-
adrenergic receptor antagonist possessing nitric
oxide-mediated vasodilatory activity, whereas
Carvedilol is a non-selective B-blocker with
additional ol-blocking properties. Both drugs are
extensively prescribed in cardiovascular therapy,
making reliable analytical methods necessary for
routine quality assessment.

Although chromatographic methods such

as HPLC and LC-MS offer excellent sensitivity,
they require sophisticated instrumentation and
higher operational costs. In contrast, UV and FTIR
spectroscopy provide simple and economical
alternatives suitable for routine pharmaceutical
laboratories.
The  present investigation  evaluates  the
spectroscopic behavior of Nebivolol and Carvedilol
using UV-visible and FTIR spectroscopy for
qualitative  characterization and  quantitative
estimation.

II1. MATERIALS AND METHODS
Materials
e Nebivolol API
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e Carvedilol API solutions. Appropriate dilutions produced working
e  Methanol (Analytical Grade) concentrations ranging from 2—-20 pg/mL.
e  Potassium bromide (KBr) UV Spectroscopic Analysis

e Distilled water
Instruments

e UV-Visible Spectrophotometer

e FTIR Spectrophotometer

e  Analytical balance

e  Volumetric glassware
Preparation of Standard Solutions
Ten milligrams of each drug was accurately weighed
and transferred separately into 100 mL volumetric
flasks. Methanol was added to dissolve the drugs
and the volume was adjusted to obtain stock

Solutions were scanned between 200—400 nm to
determine Amax.

Calibration curves were prepared by measuring
absorbance of standard solutions at respective Amax
values.

FTIR Analysis

Drug samples were mixed with dry potassium
bromide and compressed into transparent pellets.
Spectra were recorded over 4000-400 cm™.

Major functional groups were identified from
characteristic absorption bands.

III. RESULTS

UV Spectral Analysis Table:1

|Parameter HNebivolol ||Carvedilol |
|Xmax “281 nm ||285 nm I
|Linearity ||2—20 pug/mL ||2—20 pg/mL |
|C0rrelation coefficient ||0.9992 ||O.9989 |

Regression equation y =0.048x + 0.003

y=0.051x + 0.002

The calibration curves demonstrated excellent linearity within the selected concentration range, confirming

adherence to Beer—Lambert's law.

Linearity Data of Nebivolol Table:2

|C0ncentrati0n (pg/mL)H Mean Absorbance|
| 2 | 0.109 |
| 4 | 0216 |
| 6 | 0.324 |
| 8 | 0.432 |
| 10 | 0.540 |
| 12 | 0.647 |
| 14 | 0.755 |
| 16 | 0.863 |
| 18 | 0.971 |
| 20 | 1.079 |
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Calibration Curve of Nebivolol

UV spectrophotometric linearity at 281 nm

Fig:1

Linearity Data of Carvedilol Table : 3

Concentration (ug/mL)(Mean Absorbance
2 0.097
| 4 | 0.192 |
| 6 [ 0.289 |
| 8 [ 0.385 |
| 10 | 0.481 |
| 12 [ 0.578 |
| 14 | 0.674 |
| 16 [ 0.770 |
| 18 [ 0.867 |
| 20 | 0.963 |
Calibration Curve of Carvedilol
UV spectrophotometric linearity at 285 nm.
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Fig: 2
FTIR Analysis

The FTIR spectra demonstrated characteristic absorption peaks corresponding to the expected functional groups

present in Nebivolol and Carvedilol.

DOI: 10.35629/4494-1104405409 | Impact Factor value 7.429 ISO 9001: 2008 Certified Journal Page 407



Y
N\

IJPRA Journal

International Journal of Pharmaceutical research and Applications
Volume 11, Issue 4, Jul.-Aug. 2026, pp:405-409 www.ijprajournal.com

FTIR Spectrum of Nebivolol T able: 4

|Functi0nal Group || Characteristic Peak (cm“)l
|O—H Stretching 4| 3380 |
|Arornatic C—H Stretching -|| 3060 I
|Aliphatic C—H Stretching -|| 2925 |
|C—O Stretching -|| 1245 |
|C-N Stretching -l 1180 |
|Arornatic Ring Vibrations - || 1605 |

The FTIR spectrum of Nebivolol confirmed the presence of hydroxyl, ether, and amine functionalities, which

are characteristic structural features of the drug.

FTIR Spectrum of Carvedilol Table : 5
Functional Group

O-H Stretching - 3345
N-H Stretching - 3270
Aromatic C—H Stretching - 3045
Aliphatic C—H Stretching - 2920
C-O Stretching - 1255
C—N Stretching - 1185
Aromatic Ring Vibrations - 1598

Characteristic Peak (cm™)

The FTIR spectrum of Carvedilol showed characteristic peaks corresponding to hydroxyl, secondary amine,
ether, and aromatic functionalities. The observed peaks agreed with the reported chemical structure of

Carvedilol.

IV.  DISCUSSION

UV-visible spectroscopy successfully characterized
Nebivolol and Carvedilol based on their distinct
absorption maxima at 281 nm and 285 nm,
respectively. The linear relationship between
concentration and  absorbance  demonstrated
excellent compliance with Beer—Lambert's law over
the concentration range of 2—20 pg/mL.

The high correlation coefficients (R? > 0.998)
indicate outstanding analytical performance and
suggest that the developed UV method is suitable
for routine quantitative estimation.

FTIR spectroscopy further confirmed the identity of
both drugs through characteristic vibrational
frequencies corresponding to hydroxyl, amino,
aromatic and ether functional groups. These spectral
fingerprints agree with the reported chemical
structures of Nebivolol and Carvedilol and provide

an additional level of confirmation for
pharmaceutical quality assessment.
Compared with chromatographic methods, the

proposed spectroscopic approaches require minimal
sample preparation, shorter analysis time and lower
operational costs while maintaining satisfactory
analytical performance. Therefore, they represent

practical alternatives for routine pharmaceutical
quality control.

V. CONCLUSION
The present study demonstrates that UV-visible and
FTIR spectroscopy are efficient analytical

techniques for the characterization of Nebivolol and
Carvedilol.

The developed UV spectroscopic method exhibited
excellent linearity with Amax values of 281 nm for
Nebivolol and 285 nm for Carvedilol. FTIR analysis
successfully confirmed the presence of characteristic
functional groups, validating the identity of both
drugs.

These methods are simple, rapid, accurate,
economical and suitable for routine pharmaceutical
quality control applications.
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