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SPECTROPHOTOMETRIC DETERMINATION OF THE THIOCYANATE
IONS USING THIONINE BASIC ORGANIC DYE

The optimized conditions for measuring thiocyanate by extracting through
formation of ion pair with thionine basic dye (Lauth's violet) have been
determined by means of spectrophotometric method. Thionine was extracted at
the presence of thiocyanate and has absorption spectrum at the 600 nm
wavelength. The increase in the intensity of absorption takes place, because of
thionine and thiocyanate ionic associate (ion pair) formation and transfer to the
organic phase (extraction). In this investigation all parameters were kept constant
except the one to be optimized. The optimal conditions for the determination of
thiocyanate ion by means of thionine are the following: solvent — methylisobutyl
keton; [thionine] — 1,566:10* mol/l; medium acidity — pH 6-7; temperature —
30°C; ionic strength — 0,0; extraction process duration — 240 s.

Introduction. Thiocyanate or so called rhodanyde is the [SCN] anion.
Common compounds include colorless salts potassium and sodium thiocyanates.
Organic compounds containing the functional group SCN are also called
thiocyanates [1-3]. Thiocyanate is analogous to the cyanate ion ([OCN] ), where
oxygen is replaced by sulphur. [SCN] is one of the pseudohalides, due to the
similarity of its reactions to that of halide ions. Thiocyanate is produced by the
reaction of elemental sulfur or thiosulfate with cyanide:

8CN + Sz — 8SCN, CN™ + S,05> — SCN™ + SO;*".

The latter reaction is catalyzed by the enzyme sulfotransferase known as
rhodanase and may be relevant to detoxification of cyanides. Thiocyanate shares its
negative charge approximately equally between sulfur and nitrogen atoms:

S=C:l\@<—> G)sc- N.

Potassium, sodium and ammonium thiocyanates are important salts of the
thiocyanate anion, one of the pseudohalides. The compound has a low melting
point relative to the most other inorganic salts. Thiocyanates have wide application
in different branches of industry: mining, agricultural toxins etc. [4]. Dilute
aqueous KSCN is occasionally used for moderately realistic blood effects in
cinema and theater. It can be painted onto a surface or kept as a colorless solution.
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When it contacts with ferric chloride solution (FeCl;), the product of the reaction is
a blood red. Thus, this chemical is often used to create the effect of “stigmata” [5].
Because both solutions are colorless, they can be placed separately on each hand.
When the hands are brought into contact, the solutions react and the effect looks
remarkably like stigmata.

Experimental Method. Thionine can be extracted at the presence of
thiocyanate, because of ionic associate (ion pair) formation. It has maximum
absorbance at the 600 nm wavelength. The increase in organic phase absorption at
this wavelength is appropriate to thiocyanate ion amount.

The base of the work is the measurement of organic phase absorption
extracted in 600 nm wavelength. In order to perform the experiment and to reach
the optimized conditions for effective parameter in measuring thiocyanate, we
should examine the absorption value for the sample and blank solutions. The
quantity used for the optimization was the absorption difference for the sample and
blank solutions.

The method of work is as follows. Firstly all the solutions were put in the ther-
mostat, in order to make the blank and sample solutions. In a 10 m/ balloon 1 m/ of
the considered buffer (pH 1-7) and the specific volumes of thionin and thiocyanate
with the concentration 10 ug/m! is added, and then we transfer it to the separating
funnel. Then 10 m/ pure solvent was added and stirred it for 4 min, and then organic
phase was isolated and the absorption level was examined at 600 nm.

For the blank solution the same procedure was used, with the difference that
thiocyanate was not added. In order to ensure accuracy each measurement was
repeated for 5 times. Measured parameters were: the kind of solvent, dye
concentration, pH value, ionic strength, temperature and the process duration.
During the measurement all the parameters were kept fixed, and only the parameter
to be optimized was changed, and at last absorption difference for blank and
sample (Ay—Ay) in 4 min after the beginning was measured.

Results Discussion.

1. The effect of solvent. In order to choose suitable solvent several organic
solvents such as chloroform, carbon tetrachloride, toluene, dichloromethane,
isobutanol, methylisobutyl keton, acetone, methanol, ethanol, acetonitrile were
studied. When methylisobutyl keton was used, the maximal absorption was
measured, that is the maximal extraction took place. Consequently, the suitable
solvent is methylisobutyl ketone (Tab. 1).

Table 1
The effect of solvent
Solvent |Chloro-| Carbon |Tolue- |Dichloro- [Isobuta-| Methyl- |Aceto- |Metha- | Etha- | Aceto-
form |tetrachlo-| ne |methane | nol |isobuthyl| ne nol | nol |nitrile
ride ketone

AA=AA,| 0,010 0,008 | 0,003 | 0,017 | 0,010 | 0,059 |0,012] 0,013 {0,003 | 0,006

2. The survey of thionine effect. The effect of thionine concentration was
studied in the range of 0,384-10"-1,705-10* mol/l and considering the results,
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the concentration 1,566-10* mol/l of thionine as the optimized one was chosen
(Tab. 2).

Table 2

A survey of thionine concentration effect

r— 3
[th‘°‘;2‘;/]l"10’0,348 1,04 1,74 | 2,43 3,13 | 3,83 | 4,52 522592 6,61|7,31|8,00]8,70

AA=AA, [0,0420,051| 0,063{0,071(0,079{ 0,089 10,101|0,111{0,123|0,132(0,143|0,157|0,167

T . 3
[thw‘;ﬂ‘;/]lxw’ 9,40 [10,09]10,79| 11,48 |12,18] 12,88 | 13,57 | 14,27 |14,96| 15,66 |16,36| 17,05

AA=A~A, [0,181 [0,193]0,208| 0,218 {0,232 0,241 | 0,256 0,273 {0,284 0,299(0,301| 0,300

3. The survey of pH effect. The effect of pH on the absorption using the
buffers pH (1-7) was studied. The results showed that the most suitable pH, at
which the maximal differences in absorption were observed, correspond to pH 67
(Tab. 3).

Table 3
The survey of pH effect
pH value 1 2 3 4 5 6 7
AA = A¢-A, 0,020 0,081 0,131 0,155 0,211 0,260 0,255

4. A survey of ionic strength. In the survey of ionic strength potassium
chloride solution was used. The results showed: with the increase of ionic strength
of the reaction media the sensitivity is decreased (Tab. 4).

Table 4
The survey of ionic strength
Ionic strengh 0,00 0,05 0,10 0,15 0,20 0,25
AA = A-A, 0,243 0,121 0,103 0,072 0,047 0,029

5. The effect of temperature. The reaction in the temperature range of
5-55°C was studied. All the solutions before using were placed in the thermostat at
proper temperature. Then the results show that the maximum sensitivity happens
at 30°C.

6. The effect of time. In order to examine the extraction time effect all
the optimized conditions reached in the previous phases were used. The blank
and sample absorption in 30-360 s time after the beginning of the reaction
was studied.
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Table 5

The effect of time

t s 30 60 90 | 120 | 150 | 180 | 210 | 240 | 270| 300 | 330 | 360
AA=A~A, [0,215(0,230(0,241| 0,255 (0,261 0,275 | 0,287 | 0,301 {0,299 0,298 (0,300| 0,299

Until 240 s the difference in absorption in blank and sample increased
(Tab. 5). As a result, the time of 240 s was chosen as the optimized time.
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L=

UNkuuuuausL1h Unuasd»rnus

hNshUuUs-hN'vh UNGLUSAULNRUITUOUGUL NLNTNrUT
{hUuvU3hyu orGUuvUuly vEruUL3NMe EhNLELD UhPUNUTUR

Udthnthnid

{wunwuyly GG phnGhG hhdGuyhl Gepyubniph htn hnGuwywl wun-
ghwwuh wopwowgiwl vhongny phnghwlwwm hnGh mowhwliwl uwblunpw-
nuwgwthwwl npnpdwl oynhvw] Wwjiwbbbpn: OhnGhbp niowhwynd £
phnghwlww-hnGh Gpuynipjudp, npli mGh YJuwlGdwl Gpn uyblmpp
wmbtuwltih dwpgnd 600 G whph mwly: Guuidwl dhowgnidp mbnh k niGhGnd
phnGhGh L phnghwGww-hnGh thol hnGwlwl wunghwwnh (hnGwywl qniygh)
wnwowgiwl L JytpohGhu opqubuwlwl $wq nmowhwiiwl htmlwlpny: {k-
nwqnunipjul pGpwgpnid pnjnp ywpwibtwnptpp hwunwwmniG G6 ywhuywG-
yby, pwgh dhtlhg, npp tGpwlyti £ oymhiwwgiwb: (OhnGhGh fhpwniwdp
phnghwlwwmh npn)uwl owywhvw] wwydwGGtnG GG. mohyp’ dtphihgnpniphy-
YtunG; [phnGhG]=1,566-10" dny/y; vhowywyph ppympjniln’ pH 6-7; otipdwu-
nhswlp' 30°C pnGwywl mdp' 0,0; mowhwliwG qnpopGpwugh wlnnni-
pynilp’ 240 ¢
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MOXAMMAJMEXJIN MOAPE®OCT

CHHEKTPOOOTOMETPUYECKOE OINPEAEJEHME TUOLIMAHAT-MOHOB
C IIOMOIIBYO OPITAHUMYECKOI'O OCHOBHOI'O KPACUTEJIA
TUOHMHA

Pe3zrome

OmnpefneneHsl ONTUMAbHBIE YCIOBUS IS AKCTPAKIIMOHHO-CHEKTPOPOTO-
METPHUYECKOTO OTpeIeNIeHHs THOIaHAT-FOHA TIOCPEICTBOM 00pa30BaHUI HOHHOTO
accoruara ¢ OCHOBHBIM OPraHMYECKHM KpacHUTEJIeM THOHHHOM. THOHHH 3KCTpa-
THUPYeTCs B MPUCYTCTBUH THOIMAHAT-MOHA, KOTOPHII HMEET M0JIOCY TOTJIOIIEHUS B
BHIIMMOM 00JIacTH CTIeKTpa MpH yiHEe BOJHEI 600 xu. YBenwdeHWe TOTIOMICHUS
UMEET MECTO BCJICJICTBHE 00pa30BaHUS HOHHOTO acconuara (MOHHOU Maphl) MEXKIY
TUOHWHOM U THOLIMAHAT-MOHOM U MEPEHOCa MOCIEIHEr0 B OpraHndeckyro ¢asy. B
XOJIe WCCIENOBAaHUS BCE TMapaMeTphl MOANEPKUBAINCH TMOCTOSHHBIMH, KPOME
OJIHOTO, KOTOPKIN ToaBepraics onTumu3anuu. OnTUMaIbHBIE YCIOBHS IJIS OTpe-
JIeJIeHUs] TUOLMAHAT-MOHA IpPHU IOMOIIM THOHHMHA CJIEAYIONIME: PACTBOPUTEINb-
AKCTPAareHT — MEeTWJIH300YTHIIKETOH; [TI/IOHI/IH]=1,566'10_4 MOJb/I, KUCIOTHOCTD
cpemst — pH 6-7; Temmeparypa — 30°C; nonnast cuma — 0,0; IPOJOKUTEIBHOCTD
akcTpakmmn — 240 c.
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