" and . their
mno  satisfactory chemical -
method was available for analysis
of all three in combination. An-
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Illsmfectant Analysls

- Phenolu: d:smiectcmts can be cmalyzed rapldly.-_

accurately by a gas chromatographic technique

evolved by authors. Data frem this procedure
- compare favorably with those from IR analysis.

R N 1mp01tant phase in the-. .
A devel(}pment of Specifica- -
: h tionn. MIE- D-5106} Disin- -

" fectant; Germicidal and Fungicidal,_

Phenolic, Diy-Type, was the pro-

vision of a suitable analytical'meth-- '
od'fof'incdlpo'la'tion in the speci- -
. fication. . This material was devel--
. oped for the disinfection of latrine -
. buckets and as a general pu1po<e' :

' hdu'sekeeping disinfectant : (1) ..

has a- phenol coefficient of 71 and' '

: the followmg composrtlon

lngr’ediem. R

" Minimom Moximum .

‘Sodiem “orthopheényl-:

o phenelate - . b 200 .=
. Sodium 4;ch|orn-_' 3 : o 3 -
2-phenylphenolate,. | | 46,0 7 T ¢
" Sedium- -chloro~ ' : 7. Y .
L2 pheny]phemlafe' 21300 175

Moistere - - S 140 18.0.

o The above limits of concen- -
tration were  established from the

. bactericidal activity of the mixture,
- and: an accurate analysis is there-
. fore  important to assure formula-

tion within the limits found to give '

high performance.

: Because of  the 'structuraI
_“similarity of the three components
similar = chémical - be:
havior,

- alysis by infrared: spectrophoto-

metry was found to.be suitable.
-~ However, mutual interference at -

" most of the useful wavelengths pre-

- cluded a simple baseline technique
- of measurement:

It was necessary
to analyze the mixture as a three

'component system by standardwa— .

‘% by weigmﬂ .

tion-of each component at three

waveléngths and the setting up and

solution of three simultaneous

equations (2) .- :
The infrared’ plocedure was

'.adopted and has been used:for

several vears as’ the specification
method. In practice,
difficulty’ was encountered due 1o
lack of additive absorbances of the
phenols in the mixture, a prere-

quisite': for. accurate” analysis of a .
three’ component system. A meth: |

od of correction for absence of ad-
ditivity was devised (3), but its ap-

plication was laborious;, requiring

solution by successive approxima-

*'tion and depending on very precise

instrument - readings. - A less com-
plex and time consuming method
was clearly desirable.” :

The. increasing apphcatlon -

of gas chromatography to the:solu-

tion of analytical problems sug-

gested jts- possible uiility for the
disinfectant . analysis,

ple, specific and suitable for a wide
variety of " ofgan_ic c'omp‘ou'nds. A
pi‘ocedme which was. developed us-

" ing gas chromatography. for the an‘_

aIysIs 15 plesented here.

: Column Se!echon .

A solution of orthophenvi— _
: phenol

“4-chloro- 9-phenylphenol

By El:zabeth P:llxon. :
‘Morris R. Rogers.

and Arthur M. Kaplan,

U. S Army Natick Laborateries;:
Natic}: Mass.

.additional

) The gés. .
- chromatographic technique is sim-

' Anafys:s

and E.i—chlofo-Q-pheﬁyiphen'ol inace-

“tone was used for preliminary col- -

umn scouting. A column tempera-
ture ‘of 200°C. or higher was re-
quired to elute ‘the chlorophenyl- -
phenols. Orthophenylphenol, with
a boiling point of 275°C.; was first ..
to emerge and was easily separated
on all  columns. Nonpolar col-
amns such as SE-30 and “Apiezon” -
I.. were ineffective in separating.
the = chlorophenylphenols  which
have boiling points of 312°C. (4-
Cl) and $18.°C (6Cl).

erate polarity, some resolittion was:
achieved but not complete separa-
tion. Fxcellent separation was ob:

tained with three highly polar col- "

umns, “Carbowax” 20M, diethyl-
eneglyeol succinate - (DEGS)_, and'
XE-60. silicone mnitrile. Retention

times on the first two columns were. -

excessive and the peaks were very
broad. The “Carbowax’ at 225°C.
and the DEGS at 200°C. required-
about 45 miriutes for analysis. On
the XF-60, however, the' phenols
were eluted in less than 15 minutes
at 200°C. and peak shape was’

much. improved. The column was
10 feet x 13 inch copper tubing

packed with four per cent liquid
phase on “Diatoport” 8, a “Chrom- -

- osorb” W support treated with di-
- methyldichlorosilane to deactivate. -

adsorptive sites on the support. At
the four per cént concentration’
some peak tailing occurred despite
the silanizing treatment. The tail-

ing was eliminated by preparation - =

of a second’ coluwmm six feet in -
length packed with 10 per-cent XE~

. 60 on ‘Dlatoport S

Operatmg conditions-_ for: -

the F & M Model 720 gas chroma- - -

tograph with thermal conductivity. -

detector were chosen: Helium; 30. -,
~Ibs., 80 ml./min; temperatures; in-. -~

jection  port  506°C., columit

210°C., detector 250°C.;: bridge
power,' 155 ma;. attenuation X4; -
chart speed 0.5 in. /mln sample' '
Order of elution wis: o
'O-Phenylphenol 4.8 min.; 60_1;2.— '

size, 10" pl.

Reprmted from Soar & CHEMICAL SPECIALTIES May, 1 966

On poly- '
" phenylether, a' column with mod-" -



phenylpﬁe-nol, 74 min; - 4CLe-
phenylphenol 11.2 min.. -
Samp_les were prepared ac

cording to the specification proce- -
dure: for spectrophotometric an-’

anlysis (4). A five gram sample of
the disinfectant wias dissolved in
25 ml. water in a separatory fun-
nel] and acidified with 20 ml. 5 N
sulfuric acid to convert the sodium
salts to the phenol form. The free
phenols were extracted three times

with 10, 10 and 5 ml. portions of

carbon disulfide. The éxtracts
were collected in a 25 ml volu-

metric fask, made up to volume-

with carbon disulfide and. dried
with sodium sulfate. -"FTen gl ali-
quots of this solution were used
for chromatography under the op-
erating conditions listed above.

In the first analyses, peak =

areas were used for calculation, the
areas being calculated by multiply-

ing peak height by thé peak width .
at half height. A series of standard

solutions of “each- phenol was
chromatographed, and standard
curves of peak area vs. concentra-
tion were drawn which showed line-

- arity . of "detector response. The .
¢urves could not be used for read-
ing concentrations because of poor.
day to day reproducibility. It was -

necessary to run-a reference- solu-
tion with the samples and use the
chromatogram of the reference sol-
ution for calculation.

Even with careful technique
the reproducibility of replicate in--

jections was limited by variation in

instrument -response and in the:
amount of sample injected. In
order to reduce the variability an

internal standard was added to the

phenol mixtures. In this proce-

dure, a known amount of standard
material is added to the sample and
the ratio of the height (or area) ot
the sample peak to that of the in-
ternal standard peak is measured.
Height ratios are independent of
temperature, flow rate and sample

size over limited ranges, and may -

be used to compensate for minor
variations in operating conditions.

Parachlorophenol in a concentra-

tion of 25 mg./ml was added to

L

Figure 1. Chromuafogram showing separafion
of {1} p-Chlorophenol; (2] o-Phenylphenol;

(3} 6-Cl-2-phenylphensl; and {4} 4-Ci-2-

phenylphenol.

all samplé and reference solutions.
A chiromatogram of the phenol mix-
ture with parachlorophenol as in-
ternal standard is shown in Figure
L _

Standard curves of height

ratio vs. concentration were drawn

for the three phenols. (Figure 1L)
Like the standard curves of peak
area vs. concentration they were
not reproducible over long periods

and it was advisable in each an-

alysis to run a reference mixture-
containing the internal standard
for calculation. A typical reference’
solution contained the. following

concenirations in carbon disulfide
in a 10 ml. volumetric flask:

gram

p-Chlorophenal -~ - .~ - 0250 .
o-Phenylphenof ) 0.500
6-Cl-2-phenylphenol . 0.250

4-C1-2-phenylphenol’ _ 0.750

Ten pl aliquots of thi§ sdlutioﬁ

were chromatographed at the same
time as the sample solution. -

The data obtained with

three phenol mixtures of known
concentration were used to evalu-

ate the precision and accuracy of

the technique using both height
_ratios and peak areas for calcula-
tion. Table I lists the height ratios

and aveas obtained from triplicate
injections of two of the solutions,

and the deviation of each value
from the mean of three measure- ;
ments, The average deviation from

the mean was 1.1 per cent for
the height ratios and +1.6 per cent

Table I, Precision. of Rep_liecie Chromategrams Usin'g Peak Heiglit
Ratios and Peak Area Measurement

Penk Deviation. Peak area . .-~ Deviation
height from mean m from mean
ratio % : % ' . %

Mixtore F1- o139 L5 L 555 . . -23
OPP 1.37 0 - 575 +t.2
39.4 mg/ml 1.35 —1.5 .. - 875 ' S

Mean 1.37 : 568 - e
6-Cl o 526 +1.9° 3.21 +1.9 -
253 mg/ml - ©519 +0.6 316 4-0.3 .

o 504 —2.3 3.07. —2.5

: Mean 516 3.15. . :
4.0 . 734 -0.8 6.83 0.6
73.tmg/mi 744 +0.5 6.76 —0.:4
: 742 +0.3 677 —0.3

" Mean - 740 679 .

Mixture 32 1.56 2.0 6.58 —2.2
oPp : 1.52 —0.7 . 698 +3.7
44.9 mg/mi 1.52 —0.7 " 6.63 —1.5

Mean 1.53° : 6.73
6-Cl 455 420 2.68 -2.9
22.4 mg/ml A41 —1.1 2.84 +2.9

. 441 —1.1 275 —0.4

. ] " Mean 446 276 . :
4Q 741 +1.2 670 . —2.6
70.2 mg/ml 724 —1.1 6.88 : G
730 . 0.3 7.05 S 425

Mean 732 5.88

Averu.ée : L

deviation 1,19% " TE16%

el

n



b

of disinfectant

for the areas. Although the sample
size in Tabie I is small, it may be
considered  representative.  The
average deviation of height ratios
(areas not measured) for all the
standards- used in the calibration
curves of Figure II was -+1.0 per

cent. When the data for each com- -
ponent were examined separately,

there was some Indication that the
average deviation for orthophenyl-
phenol was slightly lower than for

the other two components. How-
ever, no conclusion could be drawn
'from this limited series.

Corncentrations - were calcu—

lated by treating two of the phendl
mixtures as unknown and using

the third as a reference for calcula:

tion. The recoveries are listed In.
Table 11. Comparison of the re-
‘covery errors shows that, in addi-

tion to the reduction of variability,

the aceuracy was imp'roved by the -

use of height ratios.. The maxi-
muni relative error in the  series
was reduced from —5.2 per cent to
—2.9 per cent, or from. —2.1 per
cent to —1.2 per cent absolute et-
ror in a sample analysis. '

G.C. vs. LF. Analysis
Results of analysis of a series
samples by gas
chromatography and infrared spec-
trophotometry appear in Table

Table 11 Analysis of Standard Phenol Mi:tﬁfes._

Concentrations prepared

Concentrations caleulated*

_ Height ratios Peak areas

Compoﬁehr mg/ mi mg/ml  Relative  Arnalysis’ mg/ml  Relative Anuly;sis
error % error % error % ewor %

Mictone OFP 9.4 40.1 +1.8 0.4 37.9 —3.8. . -08
‘;;”e 6-Cl 253 ° 260 . +2.8 +0.4 256 412 402
4.0 731 71.0 —2% L2 69.3 —52 2.1
. o 502 488  —28  —oa 512 20 406

Mixture ] -

2 &-Cl 25.0 24.4 —1.6 —0.2 25.3 +1.2 —+0.2.

# 4.1 750 769  -}2.5 +1.1 78.6 +4.8 +2.0
Mean S *24 07 . £330 *lo

* Mixture #2 (Table I) used for ecaleulation according to the eduaticm:

HT ratio reference peak

x Cone. mg/mi in reference sol'n

Cone, meg/ml. —

‘ 11, TNhile thé results';.a_re in good

agreement, the recovery of all com-
ponents was lower when measured
by gas chromatography. Although
the accuracy of analysis of synthetic
phenol mixtures may be evaluated
by either procedure, corresponding
information on the accuracy of
sample analysis is not as readily
obtained. Formulations of known
composition cannot be prepared
because the exact purity of the

_components in the form of the sod-

tum salts is not known: The com-
ponents are prepared by reacting
the phenols with sodium hydrox-
ide, and the reaction product con-
tains water. of hydration and a
small amount of excess alkali. The

Figure 1E. Standard curves for o-phenylphenol; 6-Cl-2-phenylf:h.énol;

HT ratio sampie peak

chlorophenylphenols are produced
commercially as an isomeric mix-
ture which contains approximately
eight per cent orthophenylphenol:
and three per cent 4, 6-dichioro-2-
phenylphenol. The latter, while
not measured in the gas chroma-.
tographic analysis, may make a
contribution. to the infrared an-
alysis. '

Interlaboratory Test.

The results obtained” from
sample analysis indicated that the
gas - chromatographic
would be suitable as a’specification
method to be used for procure--
tnent purposes. Before its adoption’
was proposed as an alternate for

Table IIL Analysis of Disinfectant Samplées by
Gas Chromatography and In!rared

% Sodium 6-Cl-2—phenylphenolate

Conce n tration mg/ml % Sodium 4- Ci-‘?-phenylphenolate

and 4-Cl-2-phenylphenol. — Peak height ratio vs.. con:enirt.m:nn. Spectrophotometry
1.6 . L
Components Weight
N W 1 GC_ ) IR Difference’
. . OPP {Nd salt) 264 283 L9
22 Sample #1 4Ct- = 39.9 40.8 0.9
C: : &6Cl v _ 13.3 13.6 0.3
E OPP {Na sait) 26.0 26.9 0.9
s 1e P Sample #2 41 37.1 9.t 2.0
x RS ¥ « IS 13.3 13.6 0.3
% 8 e o . _ OPP (N4 salt) 254 - 27.2 1870
s L o sample #3401« 37.2 . 399 . 27
} sc1 o 12.5 13.0° 05 .
g OPF {Na salt} 25.8 26.2 0.4 .
= Sample #4  4-Ci . 37.3 378 - 05
i 45 &t 12.6 13.6 10
- - OPP . = Orthophenylphenol
3 4-C1 = 4-Chloro-2-phenylphencl
> 6-C1 = 8-Chloro-2-phenyiphenol A
- - L (Conc mg/ml {25) (1.129) (100} .
B | . % Sodium orthophenylphenolate = o
G £0 sample wt. mg

sample wi. mg

procedure.

(Cone. mg/mly (25) (L10T). (160)



the infrared method, an arrange-.
ment was made to secure data from .
other sources for"an evaluation. of .

its general. applicability. . For this
purpose, a round _robin test was
conducted in which four labora-

tories  participated, including the .

. Fungicides & ‘Germicides Labora-

tory at Natick. -A" pooled sample

was prepared from a commercially
produced. formulation.

atory. Its composition was esseli-
tiafly that of the original mixture.
One hundred. gram guantities of

the pooled sample and a copy of’
the plocedure were shipped to each B

of the parnapa,nts

. Dow Chemlca_l_- Co,
'F &M Scientific Div., Avondale, -

“Robert ‘A: Taft Sanitary 'E11gi-
: neerlng Ceriter, Cincinnati:-

- Results of the round 10bm

tesﬁ are glven in-Table IV. The .

agteement ‘among. labmatoues was

very. satisfactory, with - an average :

devmtlon [ron the mean- for all

components of +0.5 per cent, and-
a maxtmum devratlon of —1I. O per 3

C(‘.‘Ht

of the round robir - sample.

a- flame ionization detector and a

 carbon disulfide solution of lower

concentration with negligible dif-

- ferénce in results. Dow investiga-
_ tors. performed the analysis with--
. out carhon disulfide extraction us
" ing a single phase system obtained
by direct solution of the disinfec-
“-"tant in ‘water-hydrochloric acid/- '
The solution was an-
. aIyzed with a flame detector. Re-
e suIts were  higher for each. com-

: methanol

" This ma-
terial had been exposed in the
Aretic for five vears and subse-
quently stored at 0°C. in the labor: -

Midiand,

_ s In. addmon fo. the pmce- .
dule spec1ﬁed for the test, modifica- -
tionis were also” used. for analysis
The =
*staff at the F & M laboratories used. :

Table IV.

Gas Chrometographic Analysis of «

Pooled Sample of Disinfectant by !‘our
Laboratobries.

Corﬁpmenf :

Weight %

Dow . - F&M

Notick  Toft -~

Mean  Avercge .
devigfion
from mean -

OPP (Na Soit} 25.8. 26.8
4Cl- © 36.6. 366
6-C 13.3 1.5

26.3 25.0 26.0

13.3 12.5 12,9

_ *0.6
375 372 370 0.4
*=g.5

ponent and the total recovery in-

_cluding water was over 100 per. -
When' the direct  solurion
‘procedure was tested in this labor-

cent.

atory, the . conceritration of 4

chloro-2-phenylphenol was consis-
“tently higher by 174 to 2 per cent,
“while the concentrations

other components were the same as

"in the extraction procedure. With.
"~ 'the XE-60 column there was exces-
-sive tailing on the chromatogram =
from “the water peak; "a column:
" which does not adsorb water was

found to bé required for use_:with

the ‘thermal conductivity detector. -
- Because of the convenience and
" minimal sample manipulation in -
- direct solution, further evaluation - . S
: . {2) Brattain, R R Rasmussen, R: 8
~ and Cravath, A M., J. Appl. Phy:

will be made of' this procedure.

' D:seuss:on

- The - results of thlS stud\

show that the’ gas chromatographic -
- procedure is a suitable and reliable
method for " disinfectant - analysis.

It ‘possesses-some advantages over

the presently used infrared spectro- -

photometric method in rhat com-

" putations are simpler and less cost-
‘ly instrumentation is required. It =
is- therefore a more practical 'pro-'.:
'cedure'__'for_ routine laboratory use. .

In the hands of an experienced

operaior, and- int the absence of in-
- terfering materials,
and - accuracy of infrared analysis
may equal or exceed that of gas *
chromatographic analysis. In prac-

of  the..

the precision
~and to Dr. Gerzld Umbreit, Mr, John'

‘tice,” however, experience with in-

frared analysis of the disinfectant :

has shown that results from differ--
ent laboratories may be widely di- -
xelgent The close  agrecment
among results of the laboratories
which: part1c1pated in “the gasf
chromatog:raphlc ‘anakysis - is . in
marked contrast to past results. The.
gas chromatographic proaedure is'

considered to be a very satlsfactorv_

analytical method for pr oculement
spemﬁcatxon use . s
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