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Abstract: A newer fast, convenient and inexpensive quantgatmethod for the
determination of Cystiene using photochemical ergka reaction of sodium
nitroprusside has been investigated. Sodium nitisgide is a photolabile complex and it
undergoes photochemical ligand exchange reactiapislly. Some recent efforts have
been made to utilise such reactions for the estmaif some sulphur containing anions
and electron rich organic molecules. The progrefsthe reaction is observed
spectrophotometrically. The effects of differentrgaeters like pH, change of
concentration of sodium nitroprusside, concentratd ligands, light intensity etc. on
percentage error was investigated. The efforts wimmde to minimise the percentage
error and some optimum conditions were obtaine@hSeaction can be used for the
determination of Cystiene in the range of millinwte micromoles, hence it is important
to know whether such estimations can be done ssitdiysand that to with the desired
accuracy.

Keywords: photochemical exchange reaction, sodium nitropdassiquantitative,
Cystiene, percentage error.
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INTRODUCTION

Photochemistry plays a pivotal role in a numbecleémical and biological processes. Photosynthssis i
such an important photochemical reaction controligchature, which still exists as a challenge ® th
photochemists. The essential feature of photoctignigsprobably the way in which the excited staiés
the atoms or molecules play a part in processtefeast. It is apparent that the absorption or gonissf
radiation to/from these states is the concern afcspscopists as well as the photochemists.
Photosensitized reactions are widely used in mealgrtical and biological areas. Organic chemist may
seek an improved understanding through the exathptgphotochemistry gives the relationship between
reactivity and electronic and molecular structuRhotosensitized reactions like copolymerizatiameh
been reported by Wayne and Burrows €t al.

Cysteine is a sulphur containing amino acid andstpresented in the form of its oxidized product
cysteine. In this form, the disulphide cross linkay be intra or intermolecular. The thiol group of
Cysteine is active and it is blocked by a wide mn§aralkyl. The commonly used blocking groups are
Benzyf, diphenyl methyl and triphenylmethyf. Cysteine is a major metal binding sites in priteis a
ligand, it shows ambidentate behaviour and canrioentate or bidentate through coordination of
(S,N,0) (S,N) (N,0) or (S,0) donor atoms. The giraffinity of soft metal ions for ionized thiol gups
also gives rise to monodentate behaviour. The tmbn is also a very effective metal binding site.
Some of the known modes of binding of cysteineadous metal ions is given in Table-Ill . A number
of cysteine complexses have been studied andritséteat at least two functional groups on the lign
are utilized for binding it to the metal atom. Ook these must be sulphur, while the other may
be —COOH or NKf. Cysteine has been used as a detoxicant and gk donditioner.

The photocatalytic oxidation of ascorbic acid witie evolution of hydrogen by platinum loaded
TiO-[Ru(bpy)] ™ system was observed by Taqui Khan ef.aBelousov et al’° studied the
photocatalytic properties of homogeneous colloidd heterogenous vanadium containing system (in
etahnol). The photocatalytic cyclisation of 7-stytyH-pyrool-(2,6)-pyridiuinium bromide was
investigated by Ogali and WalkéiThe effect of inorganic anions on the FiBased photocatalytic
oxidation of aqueous ammonia and nitrite was regaboly Zhuet al.*%.

A comparison between TiOand Fenton plus photo-Fenton in a solar pilot plaas reported by
Maldonadoet al.’®. Matsuo and Udéa used TiQ-TiO, composite powder for the photocatalytic
bleaching of methylene blue. Photocatalytic degiadaand adsorption of di-isopropyl fluorophosphate
and dimethyl phosphonate over dry and wet rutil®,Was studied by Kiselest al.*®. Physiochemical
and photocatalytic characterization of Fi®t nanoparticles has been made byatial.'®. Yuanet al.'’
observed Fe assisted photocatalytic degradationmafrocystin- LR using titanium dioxide.
Photodegradation and adsorption of 1,4-dioxandi®a was carried by Yamazaki al.*®.

Photocatalytic selective oxidation of methanol tetiyl formate in gas phase over titanium (IV) oxide
a flow-type reactor was reported by Kominagnal. *°. Lv et al.?° synthesized floriated Znk®, with
porous nanorod structures and determined its phtatytic hydrogen production ability under visible
light. Role of defects and paramagnetic speciesolar photoactivity of nano-N-TiOfrom tertiary
amine was reported by Spadavecchizal.?*. Effect of light source on the catalytic degradatiof
protocatechuic acid in a ferrioxalate-assisted @ff@nton process was observed by Monteagtidb®.

Lo et al.® manufactured novel twin reactor to separate ewmiutdf hydrogen and oxygen in
photocatalytic water splitting. Photocatalytic dadion for antimicrobial control in built environmie
was studied by Chest al.**.
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EXPERIMENTAL

A 100 mL stock solution of Cysteine (M/100) and 180 stock solution of sodium nitroprusside
(M/100) were prepared by dissolving 0.1210g of €iyst and 0.2979¢g of sodium nitroprusside in doubly
distilled water. 20 mL of stock sodium nitroprussigolution was diluted to 100 mL to form M/500
concentration and then it was divided into five @quarts (20 mL each). In each beaker the soluifon
(M/100) Cysteine was mixed as 0.4 mL, 0.8 mL, 1.2ml6mL and 2.0 mL and all the beakers were
exposed to a 200 watt tungsten lamp for 13 min&eshange in colour of solution was observed from
light red to pale yellow.

An aliquot of 5.0 mL solution was taken out frontleaeaction mixture and change in optical density
was observed spectrophotometricall\aix = 310 nm. A graph was plotted between optical idgasd
known concentration of Cysteine i.e. [1.96 X'1, 2.91 x 10 M, 3.84 x 10" M, 5.66 x 10' M, 7.42 x

10* M, 8.23 x 10' M]. A straight line was obtained, which was usatét on as a calibration curve. 1.0
mL sample solution of known Cysteine concentraticas mixed in 20 mL of sodium nitroprusside
(M/500) and it was exposed to tungsten lamp undentical conditions. The optical density was
measured spectrophotometrically and the conceoratf sample solution was determined by the
calibration curve. From this determined concerdrathe percentage error was calculated for Cysteine
sample solution.

EFFECT OF PH

The photochemical reaction of sodium nitroprussidgresence of Cysteine may be affected by the
variation in pH value and the estimation of Cysteinay also be affected accordingly. Therefore the
effect of pH on guantitative estimation of Cysteimas studied at different pH range. The results are
reported inTable -1

Table -1: Effect of PH

[SNP] = 6.3 x 10°M [Cysteine] = 2.5 x 1O M
Light Intensity = 14.0 mWcih Amax= 310 Nnm
pH Error (%)

4.0 3.5

4.5 3.2

5.0 3.1

55 2.7

6.0 2.2

6.5 1.0

7.0 2.0

7.5 2.3

8.0 2.5

8.5 2.5

9.0 3.0

9.5 3.2

10.0 3.2

10.5 3.4

11.0 35
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It was observed that the minimum error in the estiom of Cysteine is found at pH = 6.5 i.e. onl§%.
which is within permissible limit. Below pH = 6.5steine remains in protonated form, which is not
good donor whereas on other hand pH higher thérrémains in anionic form, but the percentagererro
is high in alkaline range indicating that it is reogood donor in spite of being negatively chargédue
results indicate that cysteine replaces some Igdraim the coordination sphere of iron easily ia th
form of zwitter ion to form the complex.

EFFECT OF CYSTEINE CONCENTRATION
The effect of the concentration of Cysteine on éisémation was also observed by taking different
concentration of cysteine and keeping all othetofgcidentical. The results are reported in TaBle -

Table -2: Effect of Cysteine Concentration

[SNP]=6.3x 10 M pH=6.5
Light Intensity = 14.0 mWcih Amax= 310 nm
[Cysteine] x 16 M Error (%)
1.0 3.0

1.4 2.7

1.5 2.5

1.6 2.5

1.8 2.3

2.0 2.0

2.2 1.5

2.5 1.0

2.8 1.5

33 2.0

4.0 2.5

5.0 3.0

6.6 35

It was observed that the minimum error in the estiom of Cysteine is found at Cysteine concentratio
2.5 x 10°M i.e. only 1.0% that is within permissible limis the concentration of Cysteine increases the
complex formation tendency increases and hencpdheentage error found in estimation of Cysteine is
minimum but as the concentration is increased higign 2.5 x 18M there may be possibility of some
larger units 2 or more than 2 molecules of Cystdimal together through intermolecular hydrogen
bonding. Such a unit will not participate in compléormation due to its larger size and lower
nucleophilicity, therefore limited complex formatidakes place resulting into increase in errorgiér
concentration of Cysteine.

EFFECT OF SODIUM NITROPRUSSIDE CONCENTRATION

The effect of variation of concentration of sodiuntroprusside on the quantitative estimation of
Cysteine and percentage error was observed bygtakfferent concentration of sodium nitroprusside
and keeping all other factors identical. The ressate reported ifiable 31t was found that the minimum
error in the estimation of Cysteine is found atisodnitroprusside concentration 6.3 XD e. only
1.0%, which is within permissible limit. As the ammtration of sodium nitroprusside increases the
complex formation tendency increases, it reachedmuan at sodium nitroprusside concentration 6.3 x
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10°M but if the concentration is further increasesvill start acting like a internal filter and it wihot
permit the desired light intensity to reach sodmitnoprusside molecule in the bulk of the solutias,a
conseqguence only limited number of sodium nitrogides molecule will be excited to participate in the
complex formation resulting into increase in petage error.

Table- 3: Effect of Sodium Nitroprusside Concentraibn

[Cysteine] = 2.5 x 16 M pH =6.5
Light Intensity = 15.0 mWcih Amax= 310 nm
[SNP] x 10° M Error (%)
3.0 45

3.3 4.0

4.0 3.5

4.4 2.7

5.0 2.2

5.5 2.0

5.8 1.5

6.3 1.0

6.6 1.5

7.1 2.1

7.6 2.5

8.3 3.5

9.0 4.5

10.0 45

EFFECT OF LIGHT INTENSITY

The effect of light intensity on the percentageein the estimation of Cysteine while its photatineal
reaction with sodium nitroprusside has been obselye varying the distance between the exposed
surface of the reaction mixture and tungsten lagig source. The result for tungsten lamp are &tbdl

in Table -4

Table -4: Effect of Light Intensity

[Cysteine] = 2.5 x 16 M pH =6.5
[SNP]=6.3x10M Amax = 310 nm
Light Intensity (mWcm ?) Error (%)
6.0 3.5

7.0 3.2

8.0 2.8

9.0 2.5

10.0 1.7

11.0 15

12.0 1.2

13.0 1.0

14.0 1.0

15.0 1.0

16.0 1.0
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It is observed that the minimum error in the estiomaof Cysteine is found at tungsten lamp intgnsit
13.0 mWent i.e. only 1.0% which is within permissible limis the light intensity was increased the
number of photons striking per unit area per seasifichlso increase. As a result the complex foliorat
became little bit easier on increasing light intgnon further increasing the light intensity beyo13.0
mWcm? the error remains almost constant indicating tihet desired light intensity for maximum
(complete) formation of complex requires this muetensity and any increase will not increase the
amount of complex formed. This will result into@nstant error above this intensity.

OPTIMUM CONDITIONS

The photochemical reaction between sodium nitrapdgsand Cysteine was carried out. It was observed
that if the estimation of Cysteine is carried outder these given conditions the percentage error
observed is minimum (1.0 %) and within permissiistet.

The optimum conditions are given below:
0) pH=6.5
(ii) [Sodium Nitroprusside] = 6.3 x T
(iii) [Cysteine] = 2.5 x 18M
(iv) Light Intensity = 13.0 mWcih
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