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Abstract: A dye is a colored compound normally used in solution which is capable of being fixed to a fabric, leather, 
pharmaceutical granular and tablets etc. A dye is a distinct chemical material which exhibits coloring power when 
dissolved. A lake is insoluble in nearly all solvents generally is an insoluble material and are more stable than the 
corresponding water soluble dyes. The lake consists of aluminum hydroxide as substrate. 

For quantitative analysis by absorption spectroscopy dyes should be clear and homogenous. In case of lake dyes, 
absorption spectroscopy is not suitable as a tool for quantitative measurement. In this study we used reflectance 
spectroscopy and measured lake dyes in pharmaceutical tablets coating solution. In the current study a new methods of 
analyzing lake dyes is describes using reflectance spectroscopy. 

In this project pharmaceutical lake iron oxide coating solution is measured very precisely and analytical works performed 
using ultrascan xenon equipment with xenon detector under the wave length range from 360 nm to 750 nm with wave 
length accuracy of 0.75 nm.  

Iron oxide red lake coating solution is analyzed and use specially design stainless steel 316 grade trays having area 37.8 
cm² and pour lake coating solution on the surface of stainless steel tray and dry it at ambient temperature for two hours 
and measure its reflectance against the standard prepared in the same manner, using fifty different batches of iron oxide 
red lake coating solutions and determined random error which is under two percent tolerance limit. 

The proposed method is rapid, precise and the obtained results are in a good agreement with the declared content. The 
precision of the method has been confirmed by the statistical parameter 

In conclusion, the present analytical study shows reliability of data and high degree of precision under our define new 
analytical method for the measurement of iron oxide red lake dye coating solution in terms of reflectance. 
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INTRODUCTION 

The fundamental sample requirement for quantitative 
analysis by spectrophotometery using Beer’s law relationship 
between absorbance and concentration is a clear homo- 
geneous solution. This requirement is not met by lake dyes. 

In general lakes dyes are more stable than the corres- 
ponding water soluble dyes producing more stable color and 
are most suitable for product containing oil and fats like 
vitamin E and vitamin D oil containing products in 
pharmaceuticals. In general lakes produced in the form of 
fine powder, lakes are fast to light, air and moisture resist as 
well as insoluble in alcohol, water and organic solvents. In 
pharmaceutical industry color is used as indicator of quality, 
it is also used to differentiate between medicines, to indicate 
test result on dip strip, part of a brand identity, ease of 
swallow, dye is used to minimize bitter taste, stomach safety 
through enteric coating and an indicator of degradation of 
loss of potency over time and in quality control batch to 
batch color consistency is an important indicator of quality 
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before they are shipped to medical stores for sale to end 
users. 

Traditional methods of analysis of lake dyes using optical 
and spectrophotometric methods for transmittance measure- 
ment suffer from the disadvantages that of settling down of 
dyes particles before proper operation of instrument and 
made it inappropriate and inaccurate analyzing methods. 

Aluminum lakes are produced by the absorption of water 
soluble dyes on to a hydrated aluminum substrate rendering 
the color insoluble in water. The end product is colored 
either by the dispersion of the lake in to the product or by 
coating on to the surface of the product. A dye is a distinct 
chemical material, which exhibits coloring power when 
dissolved, generally lake dyes are insoluble material which 
color by its dispersion consist of a substrate of alumina 
hydrate on which the dye is absorbed or precipitated. 

Visible region 400 nm to 750 nm consists of electro- 
magnetic radiation and every wavelength consists of definite 
energy level and prepares particular color when it strikes the 
eye. Whenever visible light consist of complete wavelength 
its appear white and absence of visible region produce 
darkness or black. 
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When visible light hit a color material some wavelength 
are absorbed and other are reflected and actually reflected 
wavelength compose the color of the material. If a material 
absorbs wavelength in green-blue region its appeared red 
which is the color of reflected wavelength. 

Table 1. Correlates the Wavelength Absorbed and Reflected Color 
Observed 

Color Observed  Wavelength Absorbed  Reflected Color  

Violet  400nm to 435nm Yellow – Green 

Blue 435nm to 480nm Yellow 

Blue – Green 480nm to 490nm Orange 

Green – Blue 490nm to 500nm Red 

Green 500nm to 560nm Purple  

Yellow – Green 560nm to 580nm Violet 

Yellow 580nm to 595nm Blue 

Orange 595nm to 605nm Blue – Green 

Red 605nm to 750nm Green – Blue 

 

In conclusion, the present analytical study shows 
reliability of data and high degree of precision under our 
define new analytical method for the measurement of iron 
oxide red lake dye coating solution in terms of reflectance. 

REFLACTANCE SPECTROSCOPY 

When an object is irradiated with electromagnetic 
radiation the object absorb whatever wavelengths it is 
capable of absorbing, the unabsorbed light is reflected and 
quantities by optical detector. When our eyes perceive a red 
substance we are actually observing the reflected portion of 
the irradiation light. The red substance absorbed blue light, 
reflect the unabsorbed red light, our eyes perceive the 
reflected red light, and our mind then interprets this 
measurement to conclude that the actually red color. 

Most analytical chemists are aware with ultraviolet and 
visible spectrophotometers for the measurement of 
absorbance or transmittance as well as wave length scanning 
in UV/visible absorbing analytes in solution. The basic 
principles of UV/Visible spectroscopy is well known as light 
is generated by a lamp which is used normally tungsten lamp 
for visible region of spectrum and deuterium lamp for the 
ultraviolet region. The light is dispersed in to its constituent 
wavelengths in a monochromator which results in a narrow 
band of the dispersed spectrum passing from exit slit of 
monochromator. Suitable optics are used to lead this light, of 
a narrow bandwidth, to the sample to be measured. A 
UV/visible absorbing sample absorb certain amount of light 
and remaining light is detected by a suitable detector.  

The Beer-Lambart law is then applied to determine 
concentration of specific analyte in the sample at specific 
wavelength. 

Beer-Lambart law describe linear relationship between 
absorbance and concentration but some restriction of law and 
the linearity of Beer-Lambart law is limited by chemical and 
instrumental factors. Causes of non linearity include: 

- Deviation in molar absorptivity coefficient at high 
concentration (> 0.01M) due to electrostatic interaction 
between molecules in close proximity. 

- Scattering of light due to particulate in the sample. 

- Fluorescence or phosphorescence of the samples. 

- Stray light effect (other than selected nanometer light 
reaching the detector). 

- Non-monochromatic radiation. 

- Changes in refractive index at high analyte concentra- 
tion. 

- Shift in chemical equilibria as function of concentration. 

- Very large and complex molecules and non homo- 
geneous and non clear sample.  

In the current analytical study method of lake dye coating 
solution has been described using reflectance spectroscopy. 
Reflectance measurement is of great value in providing a 
reference standard for the comparison of the color of 
different samples.  

A reflectance spectrophotometer is similar to UV/visible 
spectrophotometer it consist narrow band width to provide 
well resolved visible spectra yet wide enough to provide a 
good energy level for diffuse reflectance measurement. The 
adopted reflectance spectrophotometer ultrascan xenon 
spectrophotometer able to make measurement both at 
selected fixed wavelength or perform scans over the 
complete wavelength range. In color chemistry, color cannot 
describe solely in spectroscopic terms three attribute 
commonly used to identify a color: 

Value 

This attribute of color distinguish a light color from a 
dark one. Value is the lightness or darkness of a color, as it 
has to do with the addition of white or black and not with the 
mixing of color, sometime called tone. 

Chroma 

The quality that distinguish a strong color from a weak 
color. Chroma is a Greek word for color, may refer to 
colorfulness or chroma, the perceived intensity of a specific 
color. 

Hue 

The quality by which one color family is distinguish from 
another color family. Hue is one of the main property of a 
color, defined technically, as the degree to which a stimulus 
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can be described as similar to or different from stimuli that 
are described as red, green, blue, and yellow. 

The three attribute of color may be used to define a three 
dimension color in which any color is located by its 
coordinates. The observed color of an object depend on the 
spectral energy of the illumination, the observing 
characteristic of the object and the visual sensitivity of the 
observer over the visible range. 

 

 

 

 

 

 

 

 

 
Fig. (1). Stainless steel 316 trays for coating solution measurement. 

Instrumental method for measurement of color provides 
more objective data than the subjective viewing of color by a 
small number of individuals. 

MATERIAL AND METHODS 

Analytical experiment were performed using a Ultra scan 
XE colorimeter system with detector Xenon flash 
spectrophotometer with a visible range with wave length 
accuracy of 0.75 nm. Colorimeter work and based spectral 
colors red, green, yellow, blue, darkness & brightness in 
respectively X, Y & Z axis. To check the response of the 
instrument, standard accessories (white calibrated tile, green 
tile, light trap, black card, black card device, didymium 
filter) were used through reflectance port. 

Instrumental name  : Ultrascan Colorimeter XE. 

Model No.  : USXE/SAV/UV- 2 

Manufacturer’s Name  : Hunter Association Laboratory, 
Inc. 

Manufacturer’s Address  : 11491 Sunset Hills Road, 
Reston, Virginia U.S.A. 20190 

 

 

 

 

 

 

 

Fig. (2). Ultrascan Xenon Instrument. 

PREPARATION OF STANDARD AND SAMPLE 

Sample Preparation 

We take 2.986 ml coating solution of dye Red lake code 
No. 25880 on to the SST trays, spread the solution and dry 
about two hours at ambient temperature. This is assay 
sample preparation.  

Standard Preparation 

We take 2.986 ml coating solution of dye Red lake code 
No. 25880 from any previous approved lot on to the SST 
tray, spread the solution and dry about two hours at ambient 
temperature. This is assay standard preparation. 

We Place the assay standard and assay sample SST tray 
on the port plate of Ultrascancolorimeter XE and measured 
the reading in reflectance mode & calculate ∆E.  

∆E = √ (L) ² + (A) ²+ (B) ² 

L  =  The difference between sample and standard values 
in X-axis. 

A  =  The difference between sample and standard values 
in Y-axis 

B  =  The difference between sample and standard values 
in Z-axis 

∆E  =  Total difference in X, Y and Z axis against standard 
values. 

VALIDATION 

Specificity 

Dye Red Code No. 25880 

Control No. 80648XW 

Dye Red Code No. 26115 

Control No. 07574XW 

38 ml of 0.02 % dye red coating solution code 25880 is 
mixed with 2 ml of 0.02 % dye red coating solution code 
26115 and analyzed according to proposed method. 

The results are as under: 

Table 2. 

Sample No  ∆E 

 1  2.74 

 2  2.74 

 3  2.66 

 4  2.76 

 5  2.63 

 6  2.65 

 Mean ∆E  2.696 
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The ∆E values obtained 2.69, its indicates that method 
can calculate accurately ∆E and discriminate adulteration 
samples.  

Precision- Repeatability 

Dye Red Code No. 25880 

Control No. 80648XW 

This was determined by carrying out Six replicate on the 
same lot of dye red Code 25880. 

The results are reported as under: 

Table 3. 

Sample No  ∆E 

 1  0.52 

 2  0.52 

 3  0.50 

 4  0.55 

 5  0.52 

 6  0.55 

 Mean ∆E  0.526 

 % RSD  0.02 % 

 

Repeatability shows that the method is acceptable and 
precise, considering the above results the method may be 
considered Validated. 

RESULTS 

Table 4. 

 L A B 

STANDARD 40.58 44.01 4.96 

TOLERANCE+ NMT 2.0% NMT 2.0% NMT 2.0% 

TOLERANCE‾  NMT 2.0% NMT 2.0% NMT 2.0% 

∆E 

SAMPLE50 0.25 0.19 0.01 0.45 

SAMPLE49 0.25 0.20 0.01 0.46 

SAMPLE48 0.25 0.20 0.01 0.46 

SAMPLE47 0.25 0.19 0.02 0.46 

SAMPLE46 0.25 0.20 0.01 0.46 

SAMPLE45 0.25 0.18 0.01 0.44 

SAMPLE44 0.25 0.19 0.02 0.46 

SAMPLE43 0.25 0.21 0.01 0.47 

SAMPLE42 0.25 0.19 0.01 0.45 

SAMPLE41 0.25 0.20 0.01 0.46 

SAMPLE40 0.25 0.19 0.01 0.45 

SAMPLE39 0.25 0.19 0.02 0.46 

SAMPLE38 0.23 0.18 -0.01 0.40 

SAMPLE37 0.23 0.16 -0.01 0.40 

SAMPLE36 0.23 0.17 -0.01 0.39 

SAMPLE35 0.23 0.17 0.00 0.40 

SAMPLE34 0.23 0.17 -0.01 0.39 

SAMPLE33 0.23 0.17 -0.02 0.38 

SAMPLE32 0.23 0.17 -0.01 0.39 

SAMPLE31 0.23 0.17 -0.01 0.39 

SAMPLE30 0.23 0.18 -0.01 0.40 

SAMPLE29 0.23 0.17 -0.01 0.39 

SAMPLE28 0.23 0.17 0.00 0.40 

SAMPLE27 0.23 0.18 -0.01 0.40 

SAMPLE26 0.23 0.17 -0.02 0.38 

SAMPLE25 0.23 0.18 -0.02 0.39 

SAMPLE24 0.23 0.17 -0.01 0.39 

SAMPLE23 0.23 0.17 -0.01 0.39 

SAMPLE22 0.22 0.18 -0.02 0.38 

SAMPLE21 0.23 0.17 -0.01 0.39 

SAMPLE20 0.23 0.18 -0.01 0.40 

SAMPLE19 0.22 0.18 -0.01 0.39 

SAMPLE18 0.23 0.18 -0.01 0.40 

SAMPLE17 0.22 0.17 -0.01 0.38 

SAMPLE16 0.22 0.17 0.00 0.39 

SAMPLE15 0.22 0.18 -0.02 0.38 

SAMPLE14 0.23 0.18 -0.02 0.39 

SAMPLE13 0.22 0.16 -0.01 0.37 

SAMPLE12 0.22 0.17 -0.01 0.38 

SAMPLE11 0.22 0.16 0.00 0.38 

SAMPLE10 0.22 0.18 -0.01 0.39 

SAMPLE9 0.23 0.18 -0.01 0.40 

SAMPLE8 0.22 0.18 -0.01 0.39 

SAMPLE7 0.22 0.16 0.00 0.38 

SAMPLE6 0.21 0.17 -0.01 0.37 

SAMPLE5 0.22 0.16 0.00 0.38 

SAMPLE4 0.22 0.17 0.00 0.39 

SAMPLE3 0.22 0.18 -0.01 0.39 

SAMPLE2  0.22 0.18 0.00 0.40 

SAMPLE1 0.22 0.17 0.00 0.39 

 

CONCLUSION 

The paper describes a new method for determination of 
coating solutions by reflectance spectroscopy. We analyze 
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fifty different samples of coating solution and random error 
found less than 2.0 % this shows reliability of data and high 
degree of precision under our defined new analytical method 
for the measurement of coating solution in term of 
reflectance. The proposed method is rapid, precise and the 
obtained results are in a good agreement with the declared 
contents. The accuracy and precision of the method has been 
confirmed by the statistical parameters. 
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