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A purification process of crude Phytomenadione (vitamin Ki) by molecular distillation using 
a short-path wiped-film evaporator and by adsorption is studied. The purification procedure is 
documented by evaluation of samples from the individual stages of the process by means of UV 
and visible spectroscopies, TLC, refraction index measurements, and further methods. Satisfactory 
parameters were found in a material obtained as the distillate from the molecular evaporator, 
particularly after its adsorption on a phenolformaldehyde-resin-based ion exchanger. 

Phytomenadione (vitamin Ki) is 2-methyl-3-phytyl-
1,4-naphthoquinone, M— 450.7 g mol - 1 . It belongs to 
a group of methylnaphthoquinone derivatives exhibit­
ing antihaemorrhagic effects. Their side chains consist 
of several isoprene units. Vitamin Ki is a yellow to 
red-yellow oily liquid easily soluble in common organic 
solvents, less soluble in ethanol and methanol, and in­
soluble in water. The compound is stable in slightly 
acidic media, under oxidizing conditions, in moisture 
and heat, but is very sensitive to UV radiation and al­
kaline medium. It can be synthesized by condensation 
of 2-methyl-l,4-naphthoquinone with phytol to form 
2-methyl-3-phytyl-l,4-naphthoquinone as an interme­
diate which is then oxidized to Phytomenadione in the 
presence of silver oxide. 

For quantitative determination, UV spectra are 
taken. The values of light absorption, or their ratios 
in the A-range 220 to 350 nm serve as a purity crite­
rion. According to British Pharmacopoeia [1], the UV 
spectrum of Phytomenadione in 0.002 % (w/v) solu­
tion in 2,2,4-trimethylpentane shows four maxima at 
243 nm, 249 nm, 261 nm, and 270 nm. Their respec­
tive absorbance values are about 0.80, 0.84, 0.77, and 
0.78. The spectrum also exhibits minima at 228 nm, 
246 nm, 254 nm, and 266 nm. The ratio of the ab­
sorbance at the minimum at 254 nm to that at the 
maximum of 249 nm is ranging from 0.70 to 0.75. 
Moreover, the 0.02 % (w/v) Phytomenadione solution 
in 2,2,4-trimethylpentane exhibits a maximum at 327 
nm and a minimum at 285 nm within the interval of 
230 nm to 350 nm. The absorbances at 327 nm and 
285 nm are about 1.4 and 0.44, respectively. 

To purify Phytomenadione, especially chromato­
graphic methods are applied [2]. Molecular distillation 
as a method for final treatment of raw Ki is also men­
tioned [3, 4], giving no further details. The absence of 
the study on possibilities and results of this effective 
method in relation to the vitamin Ki led us to working 
out the submitted paper. 

Molecular distillation is generally accepted as the 
most preserving distillation method to separate and 
purify both thermolabile higher-molecular-mass com­
pounds and low-vapour-pressure liquid mixtures with­
out decomposing them thermally. It has the following 
fundamental features: 

- a short residence time of the distilled liquid on 
the heated surfaces; 

- a decreased working temperature as a result of 
high vacuum inside the distillation apparatus; 

- a characteristic mass transfer mechanism in the 
gap between the evaporator and condenser. 

The short residence time of the liquid from sev­
eral to tens of seconds can be reached by spreading 
the liquid into a thin wiped film of a thickness from 
0.05 to 0.5 mm depending on its viscosity and the 
feed. Compared to the normal pressure process, re­
moving the gas barrier above the evaporation surface 
at a low pressure from 10_ 1 to 101 Pa will decrease 
the operational temperature by up to 250 °C. If the ex­
position time is short and temperature substantially 
decreased, the yield of decomposition reactions is re­
duced to a negligible value and, therefore, the process 
is going virtually without any thermal decomposition. 
The short distance between the evaporation and con-
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densation surfaces from 10 to 50 mm in combination 
with a low pressure allows a high fraction of the evap­
orated molecules to reach the cooled surface and to 
condense on it without being hindered. This will en­
sure a high distillation rate up to 40 g m~2 s _ 1 which 
might be interesting even for industrial applications. 

Owing to its properties, the crude vitamin Ki is 
suitable for applying this separation method in order 
to be finally purified. 

The aim of this study is to demonstrate the Phy­
tomenadione purification process in molecular evap­
orator in its individual steps using particularly UV 
spectroscopy as the detection method of purification 
efficiency. Other methods were also used for this pur­
pose, e.g. VIS spectroscopy, TLC, and refractometry. 

E X P E R I M E N T A L 

Molecular E v a p o r a t o r 

The distillation of crude Phytomenadione (Ph) was 
performed using two small wiped-film MO30 molecu­
lar evaporators (Faculty of Chemical Technology, Slo­
vak University of Technology, Bratislava). The MO30 
evaporator works continuously, has a convex evapora­
tion surface located on the outer surface of the evap­
oration cylinder of a 30 mm diameter coaxially sur­
rounded with the condenser. The distance between 
evaporation and condensation surfaces is 25 mm. The 
evaporation surface is 280 cm2, the optimum feed rate 
is about 1 dm3 h - 1 , the operational temperature up to 
300 °С, and the pressure inside the evaporator is rang­
ing from 10 _ 1 to 101 Pa. The evaporator is made of 
glass. A detailed description of the MO30 evaporator 
is given in [5]. 

Spectral M e a s u r e m e n t s 

UV and VIS spectra were measured with a Philips 
873 spectrometer (Philips, Cambridge, England). Its 
spectral resolution was 2 nm and optical sensitivity 
± 0.1 nm. 

Individual samples were dissolved in 2,2,4-trime-
thylpentane to form both 0.002 % (w/v) and 0.02 % 
(w/v) solutions and their spectra in the A-range 220 
to 350 nm were measured. For measuring absorbance 
in the visible region at 550 nm, solventless samples 
against empty cells were used. Cell thickness was 1 
cm. 

Ph content in the samples was determined from the 
absorbance of the solution prepared by dissolution of 
0.1 g sample in 2,2,4-trimethylpentane to obtain 100 
cm3 of the solution. 10 cm3 of this solution were then 
diluted with 2,2,4-trimethylpentane to get the total 
volume of 100 cm3 and the same solvent was added to 
10 cm3 of the latter solution to obtain the total volume 
of 100 cm3. The absorbance of the final solution was 
measured against the solvent at the maximum at 249 

nm. The Ph content was calculated from the relation 
^sample x 1000/4(1 %, 1 cm) where 4(1 %, 1 cm) = 
410 at the maximum at 249 nm. 

C r u d e P h y t o m e n a d i o n e Purification 

The crude Phytomenadione was degassed using the 
first molecular evaporator at the heating medium tem­
perature of 130 °C and at a pressure ranging from 1 to 
3 Pa. The distillation residue during the second pas­
sage through the first evaporator was processed at the 
heating oil temperature of 180 °C and at a pressure 
ranging from 0.8 to 2 Pa. The feed rate was 0.7 dm3 

h _ 1 . Under these conditions, the first fraction contain­
ing about 6 % of the feed and a distillation residue 
were obtained. The distillation residue was then dis­
tilled using the second molecular evaporator at the 
heating oil temperature of 198 °C and at a pressure 
ranging from 0.3 to 0.6 Pa at a feed rate 0.7 dm3 

h _ 1 . The distillate containing 82 to 85 % of the to­
tal processed quantity was the distilled Ph which was 
finally purified by adsorption on weak basic anion-
exchange resin DUOLITE® A561 (Rohm and Haas, 
Paris, France). The distilled Ph was diluted with hep­
tane at the volume ratio ipT = 20 : 3 and then fed into 
the adsorption column at a rate of 4 dm3 h _ 1 . Elution 
with heptane at a rate of 20 dm 3 h _ 1 took about 5 
h. The solvent was removed from the eluate using a 
vacuum rotary evaporator. All these operations and 
tests were performed in a dark room in subdued light. 

Thin-Layer C h r o m a t o g r a p h y 

Kiesegel® F60 (Merck, Darmstadt, Germany) was 
used as the absorbent, and a mixture of cyclohexane, 
ether, and methanol at the volume ratio 80 : 20 : 1 was 
used as the mobile phase. 10 mm 3 of 0.50 % solution of 
each of the samples in 2,2,4-trimethylpentane was ap­
plied onto a plate simultaneously with 0.0050 % (w/v) 
solution of 2-methyl-l,4-naphthoquinone (standard). 
The dried plate was tested under UV light at 254 nm. 
The cases where no secondary spot of the samples was 
more intensive than the spot in the chromatogram of 
2-methyl-l,4-naphthoquinone were evaluated as satis­
factory. 

Sampling 

When studying the Ph purification, we used three 
sets of six samples of materials from three separate 
batches. The sample 1 of each batch represented the 
crude Ph after being synthesized, the sample 2 was the 
distillation residue after degassing the crude Ph (sam­
ple 1). The sample 3 was the distillation residue after 
distilling off the first fraction from the degassed mate­
rial (sample 2) using the first evaporator at 180 ^C and 
at a pressure ranging from 0.8 to 2 Pa. The sample 4 
was a Ph distillate obtained after degassing and dis­
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Table 1. Absorbances of the Phytomenadione Samples at Important Wavelengths Measured in Different Phases of the Purification 
Process, Ratios of Selected Absorbances, Phytomenadione Content, and Refraction Index 
Sample Marking: i - crude Ph, 2 - degassed Ph, 3 - Ph after taking the first fraction, 4 - Ph distillate, 5 - Ph distillate 
after the adsorption, 6 - the first fraction 

Batch 

2910 

3010 

3110 

Sample 

1 
2 
3 
4 
5 
6 
1 
2 
3 
4 
5 
6 
1 
2 
3 
4 
5 
6 

Typical values 
BP 

PBS 
IS 

243 nm 

0.784 
0.788 
0.789 
0.780 
0.788 
0.742 
0.797 
0.806 
0.803 
0.775 
0.798 
0.677 
0.771 
0.770 
0.782 
0.773 
0.829 
0.734 

according 
0.80 

Absorbance 

0.002 % w/v 

249 nm 

0.820 
0.828 
0.826 
0.820 
0.831 
0.773 
0.835 
0.846 
0.841 
0.816 
0.838 
0.701 
0.808 
0.807 
0.821 
0.814 
0.873 
0.760 

to 
0.84 

261 nm 

0.740 
0.748 
0.746 
0.765 
0.776 
0.710 
0.752 
0.763 
0.759 
0.756 
0.782 
0.639 
0.731 
0.730 
0.740 
0.758 
0.813 
0.692 

0.77 

270 nm 

0.732 
0.738 
0.736 
0.758 
0.771 
0.671 
0.738 
0.751 
0.753 
0.753 
0.778 
0.611 
0.722 
0.722 
0.732 
0.752 
0.806 
0.663 

0.78 

0.02 % 

327 nm 

1.36 
1.37 
1.39 
1.35 
1.36 
1.23 
1.37 
1.39 
1.39 
1.33 
1.36 
1.11 
1.35 
1.38 
1.38 
1.36 
1.43 
1.20 

1.4 

i w/v 

285 nm 

0.55 
0.55 
0.57 
0.44 
0.42 
0.38 
0.53 
0.54 
0.55 
0.41 
0.41 
0.36 
0.56 
0.56 
0.58 
0.50 
0.46 
0.44 

0.44 

100 % 

550 nm 

> 3.00 
> 3.00 
> 3.00 
1.570 
0.145 
2.331 

> 3.00 
> 3.00 
> 3.00 
> 3.00 
0.155 
2.473 

> 3.00 
> 3.00 
> 3.00 
> 3.00 
0.199 
0.879 

0.200 

Л254/Л249 

0.73 
0.73 
0.74 
0.72 
0.72 
0.75 
0.74 
0.74 
0.73 
0.72 
0.72 
0.74 
0.70 
0.74 
0.74 
0.73 
0.73 
0.74 

0.70—0.75 

^ 2 4 9 / ^ 2 7 0 

1.12 
1.12 
1.12 
1.08 
1.08 
1.15 
1.13 
1.13 
1.12 
1.08 
1.08 
1.15 
1.12 
1.12 
1.12 
1.08 
1.08 
1.15 

1.06—1.10 

Ph 

content 

% 

95.25 
97.80 
98.29 
98.42 

100.12 
93.29 
95.98 
97.56 
97.93 
99.49 
99.88 
80.86 
97.20 
97.32 
99.64 
99.39 
99.64 
89.39 

97.0—102 

n(D, 20°C) 

1.5560 
1.5360 
1.5277 
1.5265 
1.5265 
1.5220 
1.5265 
1.5270 
1.5275 
1.5262 
1.5260 
1.5135 
1.5260 
1.5260 
1.5285 
1.5275 
1.5280 
1.5185 

1.526—1.528 

Л254М249 - Л(254 пт)/Л(249 nm), Л249/Л270 - Л(249 пт)/Л(270 nm), Ph - Phytomenadione (vitamin Ki) , BP - British 
Pharmacopoeia 1993, PBS - Pharmacopoeia Bohemoslovaca 1987, IS - internal standard of Slovakofarma, AG, Hlohovec, Slovakia. 

tilling off the first fraction (sample 3) using the second 
molecular evaporator at 198 °C and at a pressure rang­
ing from 0.3 to 0.6 Pa. The sample 5 was a Ph distillate 
obtained from the second evaporator (sample 4) after 
the adsorption on the DUOLITE® adsorbent, i.e. the 
final product of the vitamin Ki purification procedure. 
The sample 6 was the first fraction of the third purifi­
cation step of the material characterized by the sample 
2 obtained by means of the first evaporator at 180 °C. 

R E S U L T S A N D D I S C U S S I O N 

The purification procedure of processing the crude 
Phytomenadione to a vitamin Ki having the phar­
maceutical quality by means of molecular distillation 
as the key purification operation consisted of three 
passages through the molecular evaporators. UV VIS 
spectral methods and additional analytical tests were 
used to study the purification of crude Ph. Table 
1 contains absorbance values at characteristic wave­
lengths of UV and VIS regions as well as refraction 
index values. These data relate to the set of six sam­
ples of Ph, which were taken from three batches of the 
vitamin Ki manufacturing process at various steps of 
their purification procedure. 

UV absorbances of all the 0.002 % solutions of the 

samples in various stages of the purification process 
measured in the region of 243—270 nm were close to 
the values published in British Pharmacopoeia [1]. A 
significant deviation was found in the first fraction 
(sample 6). The closest values to the typical ones were 
usually found in samples of the product fractions 4 and 
5 (Ph distillate and Ph distillate after the adsorption). 

The Ph content in the samples from further steps 
fluctuated within the limits specified by standards, but 
it was unacceptably low in the initial crude Ph (sample 
1) and, naturally, in the first fraction (sample 6) where 
it was substantially lower. 

In all the samples, the Л(254 пт)/Л(249 nm) ab­
sorbance ratio was ranging within the typical interval, 
but in the product fractions (samples 4 and 5) it was 
characteristically the lowest. 

Only the product fractions (samples 4 and 5) had 
the A(249 пт)/Л(270 nm) absorbance ratio within 
the prescribed limits; but this parameter was higher 
in other samples. However, this parameter is not men­
tioned by British Pharmacopoeia [1], but it is pre­
scribed by Pharmacopoeia Bohemoslovaca [6]. 

The absorbance values of 0.02 % solutions of the 
samples 1 to 5 in the UV light exhibited no significant 
differences, notably different values were found in the 
first fraction (sample 6). The values of the pure vita-
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A/nm 390 

Fig . 1. UV spectra of the solutions of selected samples at vari­
ous steps of Ki purification procedure. Batch 3110 from 
Table 1, sample of a crude Ph ( ), of a final Ph after 
molecular distillation and adsorption ( ), and of a 
first fraction ( - • - • - ) at a composition of 0.002 % 
(w/v). 

A/nm 390 

Fig. 2. UV spectra of the solutions of selected samples at vari­
ous steps of Ki purification procedure. Batch 3110 from 
Table 1, sample of a crude Ph ( ), of a final Ph af­
ter molecular distillation and adsorption ( ), and of 
a first fraction ( - • - • - ) at a composition of 0.02 % 
(w/v). 

min Ki fractions (samples 4 and 5) were closest to the 
standardized data. 

In Fig. 1 are shown UV spectra of the solutions of 
selected samples at various steps of purification pro­
cedure. There are presented spectra of the crude Ph, 
final product, and of the first fraction at a concentra­
tion of 0.002 % (w/v). Fig. 2 shows the analogical UV 
spectra of the same samples at a concentration of 0.02 
% (w/v). The differences are illustrative, although not 
very marked, but decisive are the absorbance ratios. 

Significant changes were observed for the ab­
sorbance in the visible region at 550 nm where even 
the distilled Ph sample did not usually meet the re­
quired value. This value can be obtained after adsorp­
tion using a suitable adsorbent. This purity test is 
not prescribed by British Pharmacopoeia, but it is re­
quired by internal specification of Slovakofarma, AG, 
Hlohovec, Slovakia. Our effort to obtain a satisfac­
tory product only by the adsorption of the treated 
Ph (after taking the first fraction from the molecular 
evaporator, sample 3) was not successful. Only such a 
procedure, where Ki was obtained as a distillate, led 
to a product meeting all the parameters as prescribed. 

TLC analysis does not provide sufficient informa­
tion regarding the extent of product purity require­
ments because the complete six-sample set of all the 
batches investigated always complied with the require­
ments specified in British Pharmacopoeia [1], includ­
ing the sample 6, i.e. the first fraction. Despite that, 
TLC clearly demonstrates the purification process. In 
the first three samples, there are spots having their ižp 
higher than that of the main component. These spots 
are missing in the further three samples, i.e. in the 
distillates. It is evident that the relevant components 
remain in the distillation residue. A component with 
its i?p about 0.46 was found in the Chromatograph of 
the sample 1 (crude Ph). This component concentrates 
in the sample 6 (first fraction) exclusively and its R? is 
equal to that of 2-methyl-l,4-naphthoquinone. The in­
tensity of this component spot in the first fraction was 
lower than that of the methylnaphthoquinone. No dif­
ference between the TLC chromatogiams of the sam­
ples 4 and 5 (Ph distillate and Ph after adsorption) 
was observed. 

The refraction indices of the first five samples of 
each batch fluctuated within the interval of typical 
values, but they were lower in the sample 6. 

The sulfated ash content (experimental values are 
not given in the table), having the upper limit equal 
to 0.1 mass %, was ranging from 0.01 to 0.04 mass % 
in the samples before the distillation and it was equal 
to zero in the distilled samples (samples 4—6). 

C O N C L U S I O N 

The performed study on the crude Phytomena­
dione purification by means of molecular distillation 
using the short-path molecular evaporator showed 
that this careful distillation method fulfils all the pa­
rameters prescribed for a pharmaceutical preparation 
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and its yield of 85 % is high. The hue of the distillate 
may be decreased via adsorption on a suitable adsor­
bent. 
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