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ABSTRACT

H-point standard addition method (HPSAM) has been applied for determi-
nation of 2-tert-butyl 4-methylphenol which acts as an intermediate in the
presence of Bis (4-metyl hydroxy phenyl) Methane (product) in trace lev-
els. Absorbance of the mixed spectraat the two pairs of wavelengths, 274.8
and 290.6 nm were monitored with the addition of standard solutions of 2-
tert-butyl 4-methylphenol. The method is able to accurately determine in-
termediate in the intermediate/product ratio of 1:10 (w/w). Accuracy and
reproducibility of the determination method on the various known amounts
were evaluated in their binary mixtures. To investigate selectivity of the
method and to ensure that no serious interferences were observed the
effects of different species on the determination of 2-tert-butyl 4-methyl
phenol were also studied. The recommended procedure was successfully
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INTRODUCTION

Because of the sterically hindered group, tert-
butyl phenolic compounds havean antioxidizing action
and also act as UV stabilisers. 2-Tert-butyl-4-
methylphenol isused asan intermediatefor the prepa:
ration of antioxidantsand stabilizers. Itisasousedin
fragrances. Antioxidant isasubstance added in small
guantitiesto hydrocarbons which are susceptible to
oxidation, such asrubbers, plastics, foods, and dilsto
inhibit or slow oxidative processes, whilebeingitself
oxidized¥. Antioxidants work in two different ways. In
primary antioxidants (al so called free-radical scaven-
gers), antioxidative activity isimplemented by the do-

nation of an electron or hydrogen atomto aradica de-
rivative. Theseantioxidantsareusudly hindered amines
(p-Phenylenediamine, trimethyl dihydroquinolines, adky-
lated diphenyl amines) or substituted phenolic com-
poundswith oneor morebulky functiona groupssuch
asatertiary butyl a 2,6 position commonly. Butylated
hydroxytoluene (BHT) isacommon exampleof hin-
dered phenolic antioxidant. Primary antioxidantsarefree
radical scavengerswhich combinewith proxy radicals
and break autocata ytic cycle. In secondary antioxidants
(also called peroxide decomposers), activity isimple-
mented by theremova of an oxidativecatalyst and the
conseguent prevention of theinitiation of oxidation.
Examples of peroxide decomposer type of antioxidant
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aretrivaent phosphorousand divaent sulfur containing
compound such as sulfides, thiodipropionates,
organophosphitesand Bis (4-metyl hydroxy phenyl)
Methane. Synergistic effect isexpected when primary
antioxidantsare used together with secondary antioxi-
dants as primary antioxidants are not very effective
against thedegradation by UV oxidation.

Being widely used antioxidants, several methods
have been reported for their determinations. For ex-
ample, 2-tert-butyl 4-methyl phenol have determined by
liquid chromatography!?, HPL C®l and micellar el ec-
trokinetic chromatography!®.

Bis(4-metyl hydroxy phenyl) Methaneissynthe-
szed from 2-tert-butyl 4-methyl phenol accordingtothe
SCHEME 18, Becauseof thelow solubility of theprod-
uct (Bis (4-metyl hydroxy phenyl) Methane) in aqua
media, separation of theproduct isvery smple.

According to our knowledge, thereisn’t any pro-
posed method for determination of antioxidantsby spec-
trophotometry methods. Since UV-visi ble spectropho-
tometry isarapid, sensitiveandinexpensiveandytica
tool, itisappropriatefor control of antioxidant prepa-
rations. However, thelack of specificity of theUV-vis-
ible absorption usually hindersthe application of this
techniquein case of mixturesof absorbing species, due
to spectral overlap.

Inthe present work avery smple, sensitive, selec-
tiveandlow cost procedurefor spectrophotometric de-
termination of 2-tert-butyl 4-methylphenol inthe pres-
enceof Bis(4-metyl hydroxy phenyl) Methaneusing
H-point standard additions method isdescribed. The
method isbased on the determination of theabsorbances
inan appropriate wavel ength pair.

EXPERIMENTAL

Chemicals

2-tert-butyl 4-methylphenol and Bis (4-metyl hy-
droxy phenyl) Methane were purchased from Merck
(Darmstadt, Germany).

A 1.0x103*mol/I 2-tert-butyl 4-methyl phenol so-
lution was prepared by dissolving 0.0164 g 2-tert-bu-
tyl 4-methyl phenol (99%) in n-hexane and the solution
was diluted to 100 ml in a100-ml volumetric flask.
Moredilute solutionswere prepared by serid dilution

Hnalytical CHEMISTRY o

OH OH

CH3)sC oH
C(cHy; (M

+ CH20 (37%)

O C(CH3)3
H,S0, (96%)

CHs CH3 CHj
2-Tert-butyl-4- Bis(4-methyl-2-tert-

thvl phenol buthyl-hydroxy
methyl pheno phenyl) methane

SCHEME 1: Chemical reaction between 2-tert-butyl 4-
methylphenol and for maldehyde

withn-hexane.

A 1x 102 mol/l Bis(4-metyl hydroxy phenyl) Meth-
ane solutionwas prepared by dissolving 0.034g inn-
hexane and diluting to 100-ml inavolumetric flask.
Moredilutesolutionswere prepared by serid dilution
withn-hexane.

Apparatus

UV-vis absorption spectra are measured on an
Agilent UV-Vis spectrophotometer, PerkinElmer
(Lambda25), with theuse of 1.0cm quartz cells.

A Pentium IV (2.53 MHZz) computer controlled all of
the setting and dataprocessing.

Recommended procedure

Andiquot of the solution contai ning 2-tert-butyl 4-
methylphenol and/or Bis (4-metyl hydroxy phenyl)
Methaneand 1.5 ml sulfuric acid solution (5 M) were
added intoa10ml volumetricflask and madeuptothe
mark with n-hexane. The solution wasthen alowed to
stand for 10 min at room temperature. After that apor-
tion of the solutionwastransferred into aquartz cell to
measureitsabsorbance at appropriatewavelength pair
(274.8 and 290.6 nm for determination of 2-tert-butyl
4-methyl phenol. The concentration range of 2-tert-bu-
tyl 4-methylphenol for construction of HPSAM cdli-
bration graph was 10-40 umol/I.

RESULTSAND DISCUSSION

The absorption spectra of 2-tert-butyl 4-
methylphenol and Bis(4-metyl hydroxy phenyl) Meth-
aneunder certain experimental conditionsareshownin
figure 1. Ascan be seen the maximum wavel engths of
two compoundsarevery closeto each other and their
spectraare highly overlapped. Therefore, determina-
tion of 2-tert-butyl 4-methylphenol inthe presenceof
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Bis(4-metyl hydroxy phenyl) Methaneisimpossible
by classica spectrophotometry. Therefore, it isneces-
sary to useachemometrics method to sol vethis prob-
lem.

H-point standar d addition method

Congder an unknown samplecontaining an andyte
X and aninterferent Y. Inthisspecial system, 2-tert-
butyl 4-methylphenol and Bis (4-metyl hydroxy phe-
nyl) Methane were considered as the anayte and
interferent, respectively. The determination of concen-
tration of X by HPSAM under these conditionsrequires
the selection of two wavelengthsA, and A, at which
theinterferent species, Y, hasthe same absorbance.®’
Then, knownamountsof X aresuccessively added to
the mixtureand theresulting absorbancesare measured
at thetwo wave engths and expressed by thefollowing
equations.
Ag, =bo+b+M; C; @

A(xz) :AO +A+szci (3)
where, AL, andA ), arethe analytical signalsmeasured at A,
and A, respectively. byand A (b, #A ) arethe original analyti-
cal signal of X at A, and A A, respectively. b and A are the
analytical signalsof Y atA A, andA(xz), respectively. MA, and
M), are the slopes of the standard addition calibration lines at
A, and A, respectively and Ci is the added X concentration.
The two straight lines obtained intersect at the so-caled H-
point (-C,,A,).

At H-point, s nceA(xl) =A
(2) and (3) it followsthat:

bo+b+M; (-Cy)=Ag+A+M;, (-Cy) 4)

‘CH:[(Ao‘bo)JF(A—b)]/(Mxl—sz) (5)
From Eq. (5), if the component Y, isthe known

interferent and theanaytica signd correspondingto,

b (at A, or ,) do not change with the additions of

analyte, X, that is, b=A=constant, so:

—Cp =(Ag—=bg)/(My, —My,)=-bo/ M, (6)

-Ay/M A )
where, C,=C, correspondsto the analyte concentration inthe
mixture, because -C,, depends only on variablesrelated to the
analyte®,

If thevalueof -C | isincludedin Eq. (2), A, the
ordinatevaueof theintersection point, will bedescribed
asfdlows

@' C=C,,, from Egs.

—= Fyll Poper

Ay =bg+b+M; (-Cy) (8
as bo = MMCH thenAH= b
andsmilarly,A, =A ©

Hence A , vdueisonly rdlaedtothesignal of the
interferent Y at thetwo sdected wavd engths. Toevaduate
theinterferent concentration from the ordinate val ue of
theH-point (A,)), acdibration graph or the absorbance
vaueof aninterferent standardisneeded. Similarly, for
determination of Y by HPSAM under these condiitions,
selection of two wavelengths,, and A, at whichthe
species X, hasthe same absorbanceis possible.

Wavedength selection

To sdect the gppropriatewavel ength pair for using
HPSAM thefollowing principlesshould begpplied. At
these sel ected wavd engthsthe anad yte signa smust be
lineer with concentrationsand theinterferent signa must
be equal remainsunchanged by changing the anayte
concentration, theanaytical signa obtained fromamix-
ture containing theandyte and theinterfering should be
equa to thesum of theindividua signals of thetwo
components. Inaddition, thedifferenceinthed opesof
thetwo straight linesmeasured at two sel ected wave-
lengths (A, and A.,)) must be aslarge aspossiblein or-
der to get good accuracy and sensitivityl®11,

For determination of 2-tert-butyl 4-methyl phenol
inthepresence of Bis(4-metyl hydroxy phenyl) Meth-
ane, we selected one pair of wavel ength ontheBis (4-
metyl hydroxy phenyl) Methane spectra. Inthiscase
therewere several pairs of wavelengths. Asit isob-
sarved fromfigure 1, thebest wave ength pair was274.8
and 290.6 nm. Standard sol utions of 2-tert-butyl 4-

methylphenol and Bis(4-metyl hydroxy pheryl) Meth-
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Figure 1:. Absorption spectra of (a) 100 pumol/l 2-tert-

butyl 4-methylphenal (b) 100 pmol/l Bis(4-metyl hydr oxy
phenyl) M ethanein n-hexaneasa solvent
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anewereinitially tested to validate the applicability of
the chosen wavelength. Figures 2,3 are H-point stan-
dard addition calibration lines constructed at two se-

0.4 # 30 pmolll Intermediate
: ® 10 pmol/l Intermediate

Absorbance

=]

50 0 50 100 150
I nter mediate/umol/|

Figure 2: H-point standard addition plot for fixed Bis
(4-metyl hydroxy phenyl) M ethaneconcentration (10umol/
I) and different concentrations of 2-tert-butyl 4-
methylphenol at wavelengthsof 274.8 and 290.6 nm

0.5 @ 30 pmolll Antioxidant

4 20 pmolfl Antioxidant

Absorbance

40 20 0 20 40 &0 80

I nter mediate/pmol/l
Figure3: H-point standard addition plot for fixed 2-tert-
butyl 4-methylphenol concentr ation (20 pmol/l) and dif-
ferent concentration of Bis(4-metyl hydroxy phenyl) M eth-
aneat wavelengthsof 274.8 and 290.6 nm

lected wavelengths (274.8-290.6 nm) for determina
tion of 2-tert-butyl 4-methylphenol inthepresent of Bis
(4-metyl hydroxy phenyl) Methane. Accordingtothe
characteristics of HPSAM at the H-point, C,, isinde-
pendent of interferent concentration, but A, is depen-
dent of theinterferent.

Accuracy

Severd synthetic sampleswith adifferent concen-
trationratio of 2-tert-butyl 4-methylphenol and Bis(4-
metyl hydroxy phenyl) Methanewere analyzed by us-
ing thesuggested method. Ascanbeseenfrom TABLE
1, theaccuracy of theresultsissatisfactory inal cases.

TABLE 1: Deter mination of 2-tert-butyl 4-methylphenol in
the presence of Bis(4-metyl hydr oxy phenyl) M ethanein some
synthetic mixtures

Added/
umol/|

Found/
umol/|

A-C equation R?

Intermediate
Product
I ntermediate

N
o
N
o
©
o

A274.8 = 0.0020C + 0.1235 0
A290.6 = 0.0004C + 0.0939
A274.8 = 0.0020C + 0.2490
A290.6 = 0.0030C + 0.2132
A274.8=0.0019C + 0.1094
A290.6 = 0.0030C + 0.0588
A274.8=0.0019C + 0.1611
A290.6 = 0.0003C + 0.0591
A274.8=0.0017C + 0.2173
A290.6 = 0.00006C + 0.2019

0.9976
0.9404
0.9963
0.9095
09972 30 10
0.9903

0.9987 60 10
0.9896
0.9963
0.9020

1

N
o
A
o

21.05

31.62

63.75

10 50 9.39

TABLE 2 : Results of the replicate measurements for determination of 2-tert-butyl 4-methylphenol in the presence of bis (4-metyl

hydroxy phenyl) methan

Present in the sample/ umol/I

Found/umol/|

: 2
A-C equation R Intermediate Product Intermediate
A274.8 = 0.0164C + 0.2476 0.9954 10.0 10.0 8.58
A290.6 = 0.0064C + 0.1655 0.9920
A274.8 = 0.0165C + 0.2370 0.9916 10.0 10.0 9.05
A290.6 = 0.0062C + 0.1570 0.9840
A274.8 =0.0161C + 0.2477 0.9994 10.0 10.0 10.82
A290.6 = 0.0060C + 0.1620 0.9936
Average 9.48
Standard deviation 1.18
A274.8 =0.0147C + 1.7917 0.9985 50.0 10.0 53.17
A290.6 = 0.0060C + 1.2792 0.9942
A274.8 =0.0168C + 1.8898 0.9949 50.0 10.0 49.62
A290.6 = 0.0068C + 1.2909 0.8250
A274.8 =0.0167C + 1.9369 0.9810 50.0 10.0 54.14
A290.6 = 0.0064C + 1.3340 0.9020
Average 52.31
Standard deviation 2.38
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Thegood agreement between theseresultsand known
vauesindicatesthesuccessful gpplicability of proposed
method for determination of two specieswhen the con-
centration ratio of 2-tert-butyl 4-methylphenol and Bis
(4-metyl hydroxy phenyl) Methanevary to 1:10.

Reproducibility of themethod

To check thereproducibility of themethod four rep-
licateexperimentsfor theanayssof mixturesweredone
(TABLE 2). A good standard deviation was obtained
for two speciesinthemixtures.

Limit of detection

Limit of detectionwascal culated asLOD= 35S,
which S, isthestandard deviation of several (n=6)
replicated messurementsof zero concentration of andyte
withthe HPSAM. The corresponding va ue obtained
for 2-tert-butyl 4-methylphenol was 0.25 pumol/l.

CONCLUSION

The suggested method showsthat application of
HPSAM can bewe | adopted for resolving binary mix-
turesof 2-tert-butyl 4-methyl phenol and Bis (4-metyl
hydroxy phenyl) Methane. The proposed method pro-
vides satisfactory resultsin synthetic and real mixtures.
Themethod also offersgood sel ectivity, accuracy and
precisionthat did not report inthe previousliteratures.
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