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MEETING THE REQUIREMENTS OF THE UNITED STATES AND 
EUROPEAN PHARMACOPEIAS WITH SARSPEC’S NEW 

FABS SPECTROPHOTOMETER

Figure 1 – FABS spectrophotometer.

1. Wavelength Accuracy1. Wavelength Accuracy

The wavelength accuracy test is used to ensure that distinct 

positions on the wavelength axis are measured accurately 

across the operational range of different spectrophotometers. 

This parameter is an important test because it allows for 

accurate peaks identification, purity determination, and 

quantitative analysis. 

The wavelength accuracy test is performed by using reference 

standards with narrow and well-defined peaks at a series of 

wavelengths over the UV (from 200 to 400 nm) and Visible/

NIR (from 400 to 950 nm) ranges. Rare earth oxides such as 

holmium (from 200 to 650 nm), didymium (from 300 to 900 

nm), or samarium (from 200 to 500 nm) yield well-defined 

and characterized absorption peaks and are generally used 

as certified reference materials for this test. In addition to 

solutions, solids (e.g. glass filters, which are prepared by 

incorporating the rare earth into a glass matrix) can be used as 

reference standards as well.

UV-Vis spectroscopy is a widely used analytical technique 

for quality assurance and control in pharmaceutical and 

industrial research laboratories. Therefore, checking the 

general performance of a UV-Vis spectrophotometer is a key 

element because it directly affects measurements accuracy and 

repeatability. In certified laboratories, the analytical equipment 

must be monitored regularly and documented accordingly. The 

United States Pharmacopeia (USP) and European Pharmacopeia 

(Ph. Eur.) guidelines define procedures to verify the optical 

performance of UV-Vis spectrophotometers by using certified 

reference materials. 

FAbS is a spectrophotometer that meets the excellence 

of spectroscopy and fulfills the requirements of the most 

demanding research, educational, or quality control 

applications, see Figure 1. It combines our high-performance 

and modular light sources with our outstanding CCD-array 

detector-based spectrometers in a compact design, with a 

similar size to an A4 sheet. In addition to its excellent optical 

performance, FAbS is also fast, which means that users can 

perform full spectrum scans with great accuracy over the 

selected wavelength range (UV-Vis, Vis-NIR, or UV-Vis-NIR) from 

milliseconds to just a few seconds. 

The purpose of the present Technical Note is to provide 

compliance support for FAbS UV-Vis-NIR Spectrophotometer, 

running our new LightScan 2.0 software package. According 

to the USP (chapter 857) and Ph. Eur. (chapter 2.2.25), the 

spectrometer must comply with the following parameters:

1. Wavelength Accuracy;
2. Photometric Linearity and Accuracy;
3. Stray Light;
4. Optical Resolution;



Figure 2 illustrates the spectrum of a holmium glass 

filter acquired with FAbS, which is a reference standard 

recommended by both the USP and Ph. Eur. for verifying the 

wavelength accuracy within the range of 200 to 650 nm.
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Figure 2 – Absorption spectrum of holmium glass filter acquired with 
FAbS Spectrophotometer. The dashed vertical lines highlight several 

specific wavelengths (from left to right: 361, 419, 446, 454, 460, 537, and 
638 nm) used for the verification of the wavelength accuracy.

The wavelengths of twelve well-defined peaks, identified with 

dashed vertical lines, are used to validate the wavelength 

accuracy across the UV-Vis-NIR range.

Herein, we demonstrate with these two glass filters that FAbS 

Spectrophotometer fulfills the USP and Ph. Eur. criteria, with 

a wavelength accuracy lower than 1 nm across the UV-Vis-NIR 

range. It is important to stress that wavelength precision is not 

demanded either by the USP or Ph. Eur. for CCD-array detector-

based spectrophotometers. The non-mechanical design of 

these spectrophotometers usually offers a very well-defined 

wavelength precision. Nevertheless, it is demonstrated the 

excellence of FAbS Spectrophotometer performance.

2. Photometric Linearity and Accuracy2. Photometric Linearity and Accuracy

The photometric linearity and accuracy tests define 

how accurately the absorbance is measured by the 

spectrophotometer at a specific wavelength across the 

operational range. This parameter is of great importance 

because it provides information about the reliability and 

accuracy of the spectrophotometer in quantification 

measurements. It relies on the Beer-Lambert law, which states 

that there is a linear relationship between the absorbance and 

concentration of the sample.

Qualification of the photometric linearity and accuracy in the 

UV range requires certified reference materials. Potassium 

dichromate (in 0.001 M perchloric acid) and nicotinic acid (in 

0.1 M hydrochloric acid) solutions are approved by the USP 

and Ph. Eur. for this test. Moreover, neutral density filters are 

specified by the USP and Ph. Eur. for testing the photometric 

linearity and accuracy in the Visible range.

The photometric linearity and accuracy of manually prepared 

potassium dichromate solutions are approved by the USP. 

Figure 4 demonstrates the absorption spectrum of a 

potassium dichromate solution acquired with FAbS. The peaks 

of the reference wavelengths at 235, 257, 313, and 350 nm are 

identified with dashed vertical lines and are the ones used to 

ensure the photometric accuracy and linearity. According to 

the USP guidelines, the acceptance criteria for the photometric 

accuracy is ± 0.010 for absorbance values below 1 and ± 1 % for 

absorbance values above 1.

The wavelengths of seven well-defined peaks, identified with 

dashed vertical lines, are used to validate the wavelength 

accuracy across the UV-Vis range. The USP states that the 

wavelength accuracy in the UV (below 400 nm) and Visible/

NIR (from 400 to 900 nm) regions must be ± 1 and ± 2 

nm, respectively. Alternatively, the Ph. Eur. states that the 

wavelength accuracy in these same spectral regions must be ± 

1 and ± 3 nm, respectively.   

Figure 3 illustrates the spectrum of a didymium glass 

filter acquired with FAbS, which is a reference standard 

recommended by both the USP and Ph. Eur. for verifying the 

wavelength accuracy within the range of 300 to 900 nm.

Figure 3 – Absorption spectrum of didymium glass filter acquired with 
FAbS Spectrophotometer. The dashed vertical lines highlight several 

specific wavelengths (from left to right: 352, 360, 483, 514, 530, 575, 586, 
686, 742, 749, 808, and 880) used for the verification of the wavelength 

accuracy.
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Figure 4 – Absorption spectrum of a potassium dichromate in 0.001 
M perchloric acid acquired with FAbS Spectrophotometer. The dashed 

vertical highlights the different wavelengths (235, 257, 313, and 350 nm) 
used for the verification of the photometric linearity and accuracy.

On the other hand, Ph. Eur. approves nicotinic acid solutions 

to be used as filters and requires absorbance measurements 

at 213 and 261 nm. Figure 5 demonstrate the absorption 

spectrum of a nicotinic acid solution acquired with FAbS. The 

peaks of the reference wavelengths are identified with dashed 

vertical lines. The acceptance criteria defined by the Ph. Eur. is ± 

0.010 or ± 1 % (the highest one) for absorbance values below 2.

Figure 5 – Absorption spectrum of a nicotinic acid in 0.1 M hydrochloric 
acid acquired with FAbS Spectrophotometer. The dashed vertical lines 

highlight the different wavelengths (213 and 261 nm) used for the 
verification of the photometric linearity and accuracy.

The photometric linearity of the FAbS spectrophotometer was 

evaluated in the UV range using both potassium dichromate 

and nicotinic acid solutions. For potassium dichromate, nine 

concentrations from 20 to 200 mg/L spanning an absorbance 

range from 0.1 to 3, respectively, were prepared with great 

precision and used against the reference (0.001 M perchloric 

acid), see Figure 6. For nicotinic acid, seven concentrations 

from 4 to 24 mg/L spanning an absorbance range from 0.17 to 

1, respectively, were prepared with great precision and used 

against the reference (0.1 M hydrochloric acid), see Figure 7.

Figure 6 – Photometric linearity of the FAbS Spectrophotometer 
evaluated at the absorption minima (235 and 313 nm, orange, and green 

dots, respectively) and the absorption maxima (257 and 350 nm, blue 
and black dots, respectively) of potassium dichromate concentrations 

spanning from 20 to 200 mg/L. The dashed lines are the best linear fit to 
the experimental data.

Figure 7 – Photometric linearity of the FAbS Spectrophotometer 
evaluated at the absorption maxima (213 and 261 nm, orange, and blue 
dots, respectively) of nicotinic acid concentrations spanning from 4 to 24 
mg/L. The dashed lines are the best linear fit to the experimental results.

Figures 6 and 7 show the excellent linear response of 

FAbS Spectrophotometer. The experimental coefficient of 

determination (R2) values are excellent for both solutions. In 

contrast with nicotinic acid, potassium dichromate provides a 

significantly broader qualification, thus is most representative 

of the majority of measurements in the UV region. In both cases, 

the photometric accuracy acceptance criteria (the absorbance 

of each concentration is ± 0.010) and the photometric linearity 

acceptance criteria (the coefficient of determination R2 is not 

less than 0.999) demanded by the USP and Ph. Eur. are fulfilled 

with the FAbS spectrophotometer.

3. Stray Light3. Stray Light

The stray light test quantifies the amount of light detected by 

the spectrophotometer coming from a different wavelength 

than that reaching the detector.
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Table 1 – Filter solutions used to estimate the stray light in the FAbS Spectrophotometer, according to the testing criteria defined by the USP and 
Ph. Eur. All solutions used in this test were prepared with great precision.

Aqueous
Potassium Chloride 

(12 g/L)
198

Filter Solution

This is an important optical parameter that originates accuracy 

problems in quantitative analysis because it decreases the 

photometric accuracy and linearity of the spectrophotometer 

by creating a non-linear photometric response (introduces a 

negative deviation to the Beer-Lambert relationship).

Stray light is tested with solutions that block the transmission 

of light within a specific wavelength range (cut-off filters) so 

that any light within the blocking range reaching the detector 

is identified as stray light. The USP and Ph. Eur. tests for the stray 

light require several cut-off filter solutions such as potassium 

chloride (KCl), sodium iodide (NaI), potassium iodide (KI), 

or sodium nitrite (NaNO2). All these solutions can be used to 

qualify the stray light behavior in the UV region (the influence 

of stray light is more predominant in the UV region than in the 

Vis region). Stray light can be evaluated by using two different 

methods, the Specific Wavelength Method (SWM) and the 

Solution Filter Ratio Method (SFRM, also known as Mielenz 

Method). They differ in the reference solution and the cuvette 

path length used to perform the baseline. In the SWM method, 

the cut-off filter solution is measured against distilled water 

in cuvettes with the same path length, while in the SFRM, the 

cut-off filter solution is measured against the same filter cut-off 

solution in cuvettes with different path lengths (i.e., 1 cm for 

the sample and 0.5 cm for the reference). Herein, the stray light 

tests were performed using the SWM.

Figure 8 shows the absorbance spectrum of an aqueous 

potassium chloride solution (12 g/L) acquired with FAbS 

Spectrophotometer. It is observed that at wavelengths higher 

than 198 nm cut-off, all light is transmitted, which leads to a 

zero absorbance. 

Figure 8 – Absorption spectrum of an aqueous potassium chloride 
solution acquired with FAbS Spectrophotometer. The absorption spectrum 
shows a maximum towards the cut-off wavelength, at 198 nm (red vertical 

dashed line). The horizontal black dashed line identifies the minimum 
acceptance criteria value defined by the US and Eur. pharmacopeias.

At wavelengths lower than the 198 nm cut-off wavelength, 

all light is absorbed, which leads to a maximum absorbance. 

The acceptance criteria defined by the USP and Ph. Eur. for the 

KCl filter solution at the cut-off wavelength is an absorbance 

equal or higher than 2.0. In Figure 8, the absorbance value 

measured with FAbS spectrophotometer at the cut-off 

wavelength is higher than 2.0, which validates that under these 

experimental conditions it complies with both pharmacopeias.

The stray light tests were performed in the UV range using 

the recommended filters. In Table 1, are represented all the 

recommended filter solutions used to perform the stray light 

test in the FAbS Spectrophotometer.

Compliant with USP 
and Ph. Eur.

Cut-Off Wavelenght
(nm)

Absorbance Level
(by USP and Ph. Eur.)

Absorbance at Cut-
Off with FAbS

≥ 2.0 > 2.0 Yes

Aqueous
Sodium Iodide

(10 g/L)

Aqueous
Potassium Iodide

(10 g/L)

Aqueous
Sodium Nitrite

 (50 g/L)

220

250

340

≥ 3.0

≥ 3.0

≥ 3.0

> 3.2

> 3.1

> 3.2

Yes

Yes

Yes
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4. Optical Resolution4. Optical Resolution

The optical resolution is the last parameter to be revised 

according to the USP and Ph. Eur. It defines the capacity of a 

spectrophotometer to resolve adjacent peaks and to measure 

accurately the height of narrow peaks.

The USP and Ph. Eur. consider the same solution for the optical 

resolution test, which is a 0.02 % v/v solution of toluene 

in n-hexane (the reference used is n-hexane). The optical 

resolution of the spectrophotometer is calculated as the ratio 

of between peak maximum at 269 nm and the minimum at 267 

nm.

Figure 9 shows the absorption spectrum of the resolution 

test solution obtained with FAbS Spectrophotometer. The 

ratio obtained with the FAbS spectrophotometer for this test 

solution is approximately 2.1, which complies with the USP and 

corresponds to a spectral bandwidth around 1 nm.

Figure 9 – Absorption spectrum of a 0.02 % v/v solution of toluene in 
n-hexane acquired with FAbS Spectrophotometer. The horizontal black 

dashed line identifies the peaks maximum (at 269 nm) and minimum (at 
267 nm).

ConclusionsConclusions

The optical performance of a spectrophotometer is a critical 

point for laboratories that require certification in analytical 

determinations. As demonstrated by all the results, our new 

FAbS Spectrophotometer complies with the USP and Ph. Eur. 

guidelines and elevates UV-Vis spectroscopy to high standards. 

The excellent optical performance achieved in this compact 

instrument (with a footprint similar to a A4 sheet) provides 

amazing analytical performance with outstanding quality and 

low acquisition times. The new LightScan 2.0 software enhances 

the performance of FAbS Spectrophotometer, and this 

accessible and intuitive platform makes UV-Vis spectroscopy 

more simple than ever. 

With LightScan 2.0 users just need to select the acquisition 

module (absorbance, transmittance, or reflectance 

measurements) and two parameters to perform measurements. 

It’s as simple as that!


