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The white lamp (W1 lamp) of Beckman Coulter Model DU 640 
spectrophotometer was replaced and photometric alignment was carried out 
to ensure that the spectrophotometer satisfied standards for accreditation 
of laboratories as in ISO 9001 in section: 4.11 which requires inspection, 
measuring and equipment testing; likewise, IEC 17025: 2005 in section: 5.5.2 
requires the equipment to be calibrated or verified before being put into use. 
Hellma secondary calibration standards (4026 - Holmium oxide - Filters: F0, 
F2, F3, F4 and filter didymium oxide - F7) have been used in order to verify if 
errors in the laboratory have been close to the expected ±1%% margin. The 
set of secondary calibration standards permits to check the accuracy of the 
spectrophotometers used in research works which involves in both the 
absorbance in the visible spectrum (at 440, 465, 546.1, 590 and 635 nm 
wavelengths) and ultraviolet spectrum (270, 280, 300, 320, 340nm 
wavelengths).  The filters (F0, F2, F3, F4 and F7) are stable and do not suffer 
the influence of temperature (the influence is negligible). The F0 filter was 
used as a blank. All the percentage errors obtained after the calibration were 
from minimum percentage error of 0% to maximum percentage error of 0.7% 
which is within the acceptable range for scientific works. 
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INTRODUCTION 
 
The spectrophotometer was completely out of order when 
W1 lamp went bad.  The lamp was replaced; photometric 
alignment and calibration work was carried out on the 
instrument. (Adeeyinwo et al., 2013).  Spectro Dual split 
Beam UV/V is a very important instrument used in both 
the biological and chemical sciences yet operates by 
simply shining beam of lights, filtered to a specific 
wavelength through sample and onto a display.  Some 
basic properties of the sample are determined by the 
wavelengths and amount of light absorbed by the 
sample. (Labomed, Instructional Manual UVS-2700/UVS- 
2800). 

Instrumental parameters need to be evaluated for 
obtaining acceptable analytical results with specific 
instrument. The performance of UV-VIS spectrophoto-
meter was verified for wavelengths and absorbance 
scales with appropriate reference materials                       
whose   properties   were  accurately determined.  This in 
fulfilment of Section 4 11 1 in 1509001 (David, 2007) 
which requires the certification of equipment inspec-   
tions,  measurements  and  tests and section 5.52 in 1EC 

 
 
17025:2005 which requires every instrument to be 
calibrated or verified prior to commissioning. (ICS 
03.120.20. 2008). 

The calibration of spectrophotometer is evitable 
because after resolving defect cause as result of wear 
and tear of the equipment, optical and electronic 
components there is high probability of not obtaining 
accurate photometric readings.  The Engineering 
Services Centre of Ghana Atomic Energy Commission 
carried out the calibration of after the replacement of W1 
lamp and photometric alignment done. 

The Hellma secondary calibration standards set (4026 
holmium oxide filter: F0, F2, F3, F4, and didymium glass 
filter: F7) were used in the calibration of the 
spectrophotometer. For the spectrophotometer to be 
acceptable for scientific analysis the photometric 
accuracy was expected to be ±1%.  The filters are known 
to be robust and relatively insensitive to normal range of 
temperature and humidity (David W. Allen, 2007). The 
acceptable value for holmium oxide and didymium oxide 
glass filters are shown in Table 1 
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Table 1. Acceptable values for holmium oxide (HO₂O₃₃₃₃) and didymium oxide (Nd2O3 • Pr2O3) glass 
Filters. (Vivianne et al., 2011). 
 

Filters Wavelength 
(nm) 

Reference Absorbance 
(AU) 

Acceptable Values 
(range±1%) 

F2 (HO₂O₃) 440 0.255 0.252 – 0.257 

465 0.232 0.229 – 0.234 

546.1 0.244 0.241 – 0.246 

590 0.279 0.276 – 0.281 

635 0.281 0.278 – 0.284 

F3 (Ho₂O₃) 440 0.494 0.489 – 0.499 

465 0.463 0.458 – 0.468 

546.1 0.480  

590 0.536 0.531 – 0.541 

635 0.537 0.532 – 0.542 

F4 (Ho₂O₃) 
 

440 1.000 0.990 – 1.010 

465 .935 0.926 – 0.944 

546.1 0.960 0.950 – 0.969 

590 1.014 1.004 – 1.024 

635 0.976 0.966 – 0.986 

F7(Nd2O3 • Pr2O3) 270 1.321 1.301 – 1.334 

280 1.158 1,146 –1170 

300 1.114 1.103 –1.125 

320 0..634 0.628 –0.640 

340 0.490 0.485 –0.495 

 
 
MATERIAL AND METHOD 
 
The materials used in carrying out this work are:  UV/Vis. 
Spectrophotometer: W1 lamp, The Hellma                   
secondary calibration standards set (4026) holmium 
oxide filter: F0, F2, F3, F4 and didymium oxide glass 
filter: F7. 
 
 
Replacement of white lamp W1 and photometric 
alignment 
 
After W1 lamp of the UV/Vis. Spectrophotometer was 
replaced and wavelength set to 540 mm, it was detected 
that the expected monochromatic light (ray beam) could 
not be seen in the sample compartment. All the 
necessary adjustment of Deuterium lamp D2, white lamp 
W1, mirrors and concave diffraction grating filters and slit 
were done to collimate and direct the incident light 
through the processing lens to get beam focus on the 
detector.  

The first step taken to solve this problem was; the 
instrument was turned off and the cover opened.  The 
screws were unscrewed round on position 2. The 
instrument was turned on and self check was performed.  
During preheating (for about 10 seconds) of deuterium 
lamp D2, the mirror was manually turned around to 
ensure the light of the W1 lamp  gets focused on the 
position about 3mm left to the entrance slit. It was relised 
that the height of the light spot was not correct. The two 
screws in the front of the source mirror were adjusted to 
fit the height of the entrance slit. 

After the initialization was done successfully, it was 
observed that the light spot of D2 lamp passed through 
the entrance slit. At this point, the mirror was completely 
screwed. The instrument was re-turned on and 
initialization was started to check the new light source 
initialization.  The position of the light spot was             
observed after the lights of W lamp and D2 lamp went 
across the entrance slit. The W lamp check passed.  
During the D2 lamp check the sample compartment was 
covered with an opaque object against the entrance of 
sunlight in other to observe the whole initialization 
process.  

The wavelength accuracy and the peak values were 
checked using F0. 
 
 
Verification of the spectrophotometer 
 
The verification of the precision of research 
spectrophotometer for absorbance determination in the 
region of visible light as well as in the region of ultraviolet 
was carried out using  secondary calibration standards:  
holmium oxide filter: F0, F2, F3, F4 and didymium oxide 
glass filter: F7 at  various wavelengths and   as shown in 
Table 1. 
 
 
RESULT 
 
They showed that the variations in the results obtained 
for the stability of the spectrophotometer did not exceed 
2% (ISO 9001, 2008). The absorbance of holmium  oxide 
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Table 2. Results obtained after repair work was carried out. 
 

Filters Wavelength 
(nm) 

Measured Absorbance 
(AU) 

Percentage Error Deviation 
±∆A (AU) 

F2 (Ho₂O₃₃₃₃) 440 0.255 0 0 

465 0.232 0 0 

546.1 0.243 0.4 0.001 

590 0.280 0.3 0. 

635 0.283 0.7 0.002 

F3 (Ho₂O₃₃₃₃) 440 0.492 0.4 0.002 

465 0.466 0.6 0..003 

546.1 0.481 0.2 0.001 

590 0.534 0.4 0.002 

635 0.535 0.4 0.002 

F4 (Ho₂₂₂₂O₃₃₃₃) 
 

440 0.997 0.3 0.003 

465 0.934 0.1 0.001 

546.1 0.956 0.4 0.004 

590 1.008 0.6 0.006 

635 0.973 0.3 0.003 

F7 (Nd2O3 • 
Pr2O3) 

270 1320 0.1 0.001 

280 1.159 0.1 0.001 

300 1.118 0.4 0.004 

320 0.636 0.3 0.002 

340 0.490 0 0 

 
 

 
 

Figure 1. Plot of measured post repair absorbencies of standard Filter F2 and the 
corresponding reference absorbencies for various wavelengths. 

 
 
and didymium glass filters was also analyzed (Table 2) 
and all results were within ±1% of the expected values for 
the calibration standard (ASTM, 2011), showing that the 
laboratory’s spectrophotometer is calibrated and working 
properly, being thus capable of providing acceptable 
analytical results. (Figure 1-5) 

 
DISCUSSION 
 
This work was carried out to ensure accuracy of the 
equipment for scientific study. The result favourably 
compare with the standard table 1. 

The   integrity   of   the  equipment  after  maintenance 
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Figure 2. Plot of measured post repair absorbencies of standard Filter F3 and the corresponding reference 
absorbencies for various wavelengths 

 
 

 
 

Figure 3. Plot of measured post repair absorbencies of standard Filter F4 and the corresponding reference 
absorbencies for various wavelengths. 
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Figure 4. Plot of measured post repair absorbencies of standard Filter F7 and the corresponding reference 
absorbencies for various wavelengths. 
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Figure 5. Plot of all measured absorbance vs reference absorbance limits against calibration wavelength. 
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and/or repairs can only be guaranteed through test 
measurements using standards provided or 
recommended by the equipment manufacturer, and 
ensuring that the test results are within the limits given by 
the equipment manufacturer (ISO 9001, 2008).  

That was the guiding principle during evaluation of the 
repairs covered in this paper. The results of absorbance 
measurements taken for the various standards – F2, F3, 
F4 and F7 - provided with the equipment  for the purpose 
of calibration  are presented in Table 1. (Vivianne et al., 
2011). The table also shows corresponding reference 
Absorbance values for the various filters at various 

wavelengths as well as the allowed tolerance (±1%) on 
the reference absorbance values. The tolerance provides 
a lower and upper limit of absorbance within which all 
measured absorbance values for the standard filters 
should necessarily lie for calibration to be okayed.  

Filters F2, E3 and F4 were each evaluated on the 
same set of wavelengths whereas the filter F7 (David W. 
Allen, 2007) was evaluated on another set of 
wavelengths. To facilitate evaluation of the results 
obtained in relation to the reference values as well as the 
acceptance limits graphical view of the results are 
presented in Figures 1 to Figure 5. Figure 1 presents the 
total picture at a glance whereas the others highlight the 
relationships for each filter and so is able to reveal more 
detail. For the sake of clarity Figure 1 excludes the 
reference values whereas Figures 2 to 3 covers the all – 
the measured values, the reference values and the lower 
and upper limits. 

From the plots it could be clearly seen that the post 
repairs (measured) absorbance values are very well 
within the limits. This makes them acceptable and okays 
the instrument for utilisation. (Chris Burgess 2014). 
Besides, the measured absorbance values plots are 
generally very close to the reference absorbance values. 
However, the closeness could best be evaluated from 
Table 1. It could be deduced from the table that the 
absolute percentage deviations of the measured 

absorbance values from the reference values are all ≤ 
0.4% except one, which is also the maximum, and is 
0.6%.  Meanwhile, either side of the reference values as 
much as 1.0 % deviation is allowed. Thus, the measured 
values could be said to close to the reference values. In 
addition this means that it could be deduced that be well 
clear of the acceptance limits and are therefore quite 
centrally positioned within the limits. Since the reference  
values  are  central  this means that the measured values  
 
 
 
 
 
 
 
 
 

 
 
 
are well clear of the limits.The implication is that it would 
be more difficult for environmental and other influences to 
get the system out of calibration and inadvertently affect 
experimental results. 
 
 
CONCLUSION 
 
In this work, W1 lamp of UV/ VIS -spectrophotometer was 
replaced, photometric alignment and the calibration of a 
UV/VIS visible spectrophotometer was carried out in 
order to optimize its accuracy and performance. A normal 
calibration method was adopted. From the result, it was 
observed that the curve fitting for the normal calibration 
lied between the standard ranges. The percentage errors 
obtained after the calibration were from minimum 
percentage error of 0% to maximum percentage error of 
0.7% which below the ±1% margin. Therefore results 
have shown that the spectrophotometer was well 
repaired and calibrated and in accordance with the 
adopted regulations is within the acceptable range for 
scientific works. 
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