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2 NIRODUCTICN

Special investigaticns were csarriel cut by the Analytical Cremistry
And Spectroscopy Croup Aurlng 1992 to support Organic Research Depart-
ment and Manufacturing Lepartment projecty. The studies also incluled
certain projects listed in the September 29, 1961 PA ('nelassified
Anal, Chem. - Saj).

SUMMARY

Rifteen analytical studles covering Orgaric Division products
were carried out to provide information reeled for Research Department
and Manufacturing Department prolests. C(hemical and instrumental
techniques were .:ed to:

show Aroclor 1242 predust variations
. characterize the structure of substituted benzimidazolines
. evaluste Plolite unier use sit.oatincs

. show the composition of ditutyl phenyl phosphate resction
products

identify irhibitors ir competitive funotioral fluids
measure metrhyl 1acta‘e in process rea~tion mixtures

srov the crystal form and transivien cf pentachlorophenol
14ertity contaminan®s in p-rhenetitine

4 1n scdium sulfive solution
. show the oridation prodnsts forred from tricosane

. méasure reactinn valea Sf resoreln’

show tre components tn vanallom nride <atalyst mixtures
. evaluate 8n Infotroring TRS.

_integ:sator for NMR

get up An ANt yt1~ai srhere Tor t4ent!fionsion ant measuremen®
of piasticizers aré ~'ner kigh toll*ng esters

demnnatrate the potertial vtilitty »° irfrgred Attentuated Tota
Reflectance an a7 irstream momitorivg device 1or sodium pherat

1
[
Anq godtum tenzeneg:lcseate .

Jemnratrate shin layer ol cepatogohrhy terhniques,
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SECTION A
AROCLOR 1242 PRODUCT VARIATION - INFRARED
AND GAS CHROMATOGRAPHY STUDY
Introduction

Infrared absorption and GLPC (gas 1iquid partition chromatography)
methods were used to study compositicnal variations between five lots
of Aroclor 1242 representing typical production material shipped to
(General Electric from the Anniston plant over a six month period.

The study was initiated to determine 1f abnormal variations were
present and, if so, the cause of the difference. IR and OGLPC are
complementary techniques for such a study, since IR can detect gross
isomeric distridbution differences and GLPC can 1dentify and measure
the individual isomers.

Summary

An infrared and GLPC (gas-11quid partition chromatography) study
of five normal production samples of Aroclor 1242 from Anniston showed
that most of the variations in isomer content were small and random.
However, one pronounced periodic variation was observed in the
infrared spectra in the region of 14.3-14. 4 microns which was shown
by a combination of infrared and GLPC analysis to he the result of
variations in the lower chlorination level isomers, namely the
2-chloro, 2,2'-dichloro and the 2,4'-dichlorobiphenyls.

Analytical Studies

Reserve samples of lots D-122, D-i45 and D-185 were obtained from
Anniston to represent normal production material. Since no sample
of lot D-153,the subject of a recent General Electric complaint,
was available,samples of lots D-152 and D-154 were substituted.
Infrared spectra were run under conditions such that the gross infrared
spectra could be compared rather than under special conditions to
study a particular isomer. The CLPC analvsis was carried cut using
a 150' x 0.020" stainless steel capillary column coated with silicone
gum rubber and a flame ionization detector.

A critical comparison of the IR spectra showed primarily tre minor
random varliations expected for small differences in isomer distritution,
However, in the region of 4.3 to i¥.4 microns, two weak absorption
bands were observed whose intensities varted periodically with lot
number. The attached IR spectrum shows the superimposition of the
spectra of the five lots of Aroclor 1242 studied run under conditions
tv amplify the difference. Examination of the spectra in the region
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3.

of 14,3=14.4 microns shows that the {ntensity of the sbsorption bands
at these wavelengths increases sharply from lot D-122 to D-14%. The
absorption reaches a maximum in lot D-1%2, then tape:rs off in lots
D-154 and D-185. The maximum variance observed betwe2n lots D-120
and D-152 was 30% in terms of optical absorption units.

The GLPC data for the five samples shows the randomn variations
of isomers also detected by IR. No variations in a single component
was observed that could explain the difference found in the IR
spectra. The OLPC data is tabulated in Table I. Where possible,
the GLPC fraction has been identified as a particular isomer on
the basis of retention time.

Despite the fact that the positive identification of the com-
ponents involved in the observed periodic variation in the IR
spectra could not be made, structural characteristica of the
materials contridbuting to this variation could be assigned, based
on infrared interpretation of aromatic absorption patterns.

The chlorine distribution patterns in Aroclor 1242 fit the
following general classes:

Type 1 c1
o

Type 11 cl c1
&

~m

Type 111 [+31
<&

Type 1V e — Clx

OO

Of these four general classes of chlorine distribution patterns,
only Types I and II (the monosubstituted aromatics and the ortho
disubstituted aromatics) produce absorption bands in the 14.3-14.4
micron region., Although it 1s possible to detect and differentlia‘c
the Types I and Il materials in other regions of thc IK spectra,
interferences and overlapping of bands prevents this n the bulk
sample.
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Ir. order to resolve this problem and identify the components
causing the observed variance in the IR spectra, lot D-152 was
fractionally distilled by Mr. George Ashworth under reduced pressure
and four top fractions,representing a total of 8.4% of the charge,
were isolated for subsequent analysis. The GLPC analytical data
which was confirmed by IR analysis shows that the mono and dichloro-
biphenyls having the type I and II structures postulated by IR inter-
pretation of the bulk sample were the major contributors to the
variation observed in the IR spectra of the bulk sample. The
GLPC data 1s tabulated in Table II.

A combination of IR and GLPC analysis has demonstrated that the
periodic variation observed in Aroclor 1242 lots D-122, D-145, D-152,

D-154 and D-185 are the cumulative effects of variations primarily
of the 2-chloro, 2,2'-dichloro and the 2,4'-Gichlorobiphenyls.

2/62 « R, E. Keller, B, Katlafsky, E. M. Emery
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Tabie II
ARCOCLOR 1242 LOT D-152 TOPPING EXPERIMENT

starting F#l F#2 F#3 F#« Residue

Praction/Component Mat'l 1.9% 1.7 2.2%  2.5% 91.6%
1 Biphenyl 0.3% 8.66 0.86 trace trace 0
2 orino” 1.3 29.7 26.0 7.1% 1.;% )
3) meta . . .
u; meta 0.6 6.5 7.3 5.9 4.1 trace
5 2,2 5.2 36.8 43,0 k1.3 36.0 0.2
6 2,5 1.0 2.8 3.4 5.6 6.6 0.2
7(2,% or &,3 or
2,3%) 1.9 2.9 4.2 6.9 9.2 0.9
8 2,m 10.3 11.%  1h.1 27.4  35.0 5.7
9((3;5 or 3,33 0.6 0.3 0.3 i.1 1.5 0.5
10(3,4 or 2,5,23) 9.4 3.5 “ 9.9
11 4,4 5.2 2 0.8 E 1.0 0.8 1.2 £.6
12 0.3 0 0 0.1 c.1 0.5
13 2,3, 5.1 trace trace 0.3 C.4 6.1
14
1?§ 1.5 0 o 2.1
i?i 2,5,4 13.7 trace trace 17.6
18 3,4,2% 6.0 7.7
19 2,3,k 2.7 2.1
20 0.6 0.7
21 ‘
22% 3.6 .5
23 2.4 3.1
2k 1.7 2.0
25 3.3 4.3
26 34,8 3.1 5.8
2 3.1 3.8
PE 0.6 0.7
29 0.1 (
30 0.1 {91
31
32; 4.9 6.1
33 3.7 4.5
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Table II (cont'd)
Starting F#l F#e F#2 F#4 Residue

Fraction/Component Material i

v e e e e e e e .
U\HOI\):—'U:\JO\NHN
o

P

o
COOrFOOOOO0OOONO
N\ = ARG RN 3\ VD
" 200000 OOONO

* instrument shut dewn before this peak was eluted from the column.
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10.

SECTION B

NMR _STUDY OF SUBSTITUTED BENZIMIDAZOLINONES
Intreduction v '

Rcsearch to define the scope and 1imitation of 3,4,4'trichloro-
carbanilide (TCC) as a soap bacteriostat has established that TCC
loses 1ts bacteriostat!c activity when used in conjunction with
hypochlorite bleach. A chemical study of the action of hypochlorite
on TCC indicated that this loss of bacteriostatic activity was due
to the conversion of TCC to a trichlorinated l-phenyl-2-benzimida-
zolinone which 1s blologically inactive. This NMR study was insti-
gated to provide additional evidence for the proposed ring system,
and to determine the location of the 3 chlorine atoms in this
system.

Summary

Proton NMR spectra were obtained from the product isolated from
the reaction of TCC with bleach, from a related monochloro compound
obtained from the reaction of carbanilide with bleach, the mono-
acetate derivatives of these compounds, and appropriate reference
compounds. Analysis of these spectra indicated the structure of the
compound formed in the reaction of carbanilide with hypochlorite
ion to be -

H

N
Ne-o
cl N

and the compound formed in the reaction of TCC with hypocnlorite ion
to be -
H

N
~N
N’/C 0
Cl
Cl

Cl
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11.

Anslytical Studies
A. Preparation of Benzimidasolinones

The benzimagolinones described sbuve were prepared by

he followx ronctionu
) ne quea H

(11) <X
~C=0
8 : 3 Moles _
NH oc1”
Cls
cY ( ) cl
III
{1v)

*These compounds are shown as o-sceiale, but may be N-acetate.

The benzimidazole derivatives®of II and IV were prepared by
the following reactions B

~
cl- Nao
(11) Ecuaco).o ' O eeeone
: allg”
l (v)
“~Nw
(1v) CHsCOz )20 | N/t': ~0AC

3002 '/\

3

\i\// (v1)

B. NMR Measurements
All measurements were made on 0.50 M solutions in dimethyl
acetamide unless otherwise state. Chemical shifts are
rejorted relative to (CHs)eSi (TMS) defined as §=10°{Hwmg-H)

i.e. S&"s-o. Peak aresa measurements, not reported, neg§s

0692848

HARTOLDMONO005355



. made on all compound and reference peaks with a Varian
© V=3521 integrator, and are consistent with the proposed

structural assignments to +3% in all cases.
C. Reference Compounds

The NMR parameters of the reference materials examined
are giver in Table I. As 1s shown the peaks due to the
two rings In the l-phenyl-2-benzimidazolinone are well
separated. Unless complicated by spin-spin interactions,
this should also be true for the chlorinated compounds

in question. The acetate derivative displays a

separated peak for proton C, that nearest the introduced

unsaturation.
TABLE 1

NMR Data from Reference Compounds

12.

well

Chemical Shift (ppm)
a b c

Compounds J {eps)
A
czd»mt. 7.05  6.57 Jp " 87
L 4
'CJO -m{-<:>m T 3ap = 9.0

] Ha 6.81 6.58 7.11 I

0 5T

Tz Zx

*Indicates the average 'peak displacement; in all cases but peax (A)
of the last reference - a single narrow peak is observed.
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13.
Table 1 (cont'd.)
NMR Data from Reference Compounds‘
Compounds Chemical Shift (ppm) J (epe)
a b c
~ H
Kc-o [ :)8
VB N
H
A H
c N 6.81
C=0
c1 N
H
H
bkc-o [38: 73 T 5%
N/
B
—N\c
-\ oK T%n  T.45 8.01
A
. £
0692850
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18,

Proof of Structure of (II) -0
c)

Other physical and chemical measurements indicate the
structure shown above, with 1 chlorine atom molecule,
but the location of the chlorine as to ring and position
on ring 1is uncertain.

Figure AJI. Aromatic proton spectrum of (II}

Three peaks are seen in this spectrum. Based on their
absorption positions the two high field peaks are

assigned to the benzimidazolinone ring and the lower

field peak is assigned to the phenyl ring. Area
measurements of these peaks show 3.0 protons to %.0 protons.
This shows positively that the single chlorine atom 18 on
the benzimazolinone ring. However, because of uncertain
spin-spin coupling, ‘no definite assignment as to the

ring position can be made.

Figure B) Aromatic proton spectrum of (V)

From measurements of peak areaand chemical shift, peaks

4,5, and 7 are assigned to protons in the benzimidazole

ring; the remaining peak is assigned to phenyl ring protons.
The areas of peaks 4,5, and 7 are identical and correspond

to 1 proton/peak. The analysis of* this first order spectrum
for the benzimidazole ring protons leads directly to the
indicated assignment. Peak 4 18 assigned as indicated
because of the large shift to lower field observed when
unsaturation 1s introduced one atom removed from this
position.

This then allows an unambiguous assignment of structure {II)
as l-phenyl-6-chloro-2-benzimidazolinone.

C1
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15.

Proof of Structure of (IV)

Y

As in Structure (11) the problem ie to assign the position
of the 3 chlirine atoms in the two-rir.g syatem. The nature
of the reaction is such that there should be 2 chlorine
atoms in 1 ring, and 1 chlorine atom in the other ring.

Pigure C) Aromatic proton spectrum »f {(IV)

Pour peaks of varying area are seen in this spectra. Based
on thelir absorption positions the high fleld peak is
assigned to the benzimidacolinone ring; the remaining

peaks are assigned to the phenyl ring. Area measurerents

of these peaks indicate one chlorine atomn/benzimidazolinone
ring and two chlorine atoms/phenyl ring. No detalled
analysis as to substitution positions was attempted.

Figure D) Aromatic proton spectrum of (VI)

Seven distinct absorption peaks are seen. No interpretation
is attempted but comparison to Pigures B and C suggests

a monochlorinated benzimidazole ring and a dichlorinated
phenyl ring. Area measurements are in agreement with

this interpretation.

Solvent Effects

Before trying to bulld a convincing argurernt for the chlorine
ring positioning necessary to explain spectra C and D, an
attempt was made to utilize the slight variation in

chemical shift of o, m, and p protons to te expected in
various solvents. Since a strong interaction between sclven
and the N atoms is likely as well as between the arcmacic

T electrons and solvent, noticable effe:zts can be expected.
These effects may remove the overlap of peaks thought o be
present in spectra C and D.

Spectra of IV and VI in several solver‘s were obtained.
Solvent effects on the observed spectra were observed. The
spectrum of VI in dioxane gave the best resolved spectrunm;
this spectrum is shown as Pigure E.

0692852
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16.

Figure E) Aromatic proton spectrum of (VI) in dioxane (™.7 M).

Comparison to spectrum B indicates that peaks 4,5, and 7 are
due to the aromatic protons in the benzimidazole ring

while the remaining peaks are due to the phenyl ring protons.
Determination of protons/peak by integration and obssrvation
of repetitive peak separations, indicating spin-spin
coupling, shows that each ring exhibits a first order
spectrum. The interpretation of this spectrum is indicated.

Calculations using the observed chemical shifts and coupling
constants indicates the peak intensities in the phenyl

ring spectrum are as predicted.

This allows an unambiguous ansignment of Structure 1V

as 1-(3,4-dichlorophenyl‘t-6-chloro-2-benzimidazolinone.

6/6¢ ~ R. E. Keller, M. W. Dletrich

0692853

HARTOLDMONO005360



E1L) KN
VI

e
o

(TR A
< arvreriaesnn

-
g
|

L
i*

+
!

PACTOMS

IFRERRE]

1.
|
!
ti

|

X

48 and

i1

i

.I“I

b

s

5:

fi

APt

Ve

FALY

CEN (051Ti0] (PPH T A5 )

0692854

HARTOLDMONOO05361



PROTONS
z\3'mo 4’
4 ( NS 7
I
7132 415

PLAR  POSITILN (PPH 70 THS)

‘8t

0692855

HARTOLDMONOQ005362



INPY B

53 108
LRHER AN

1BvAE ¢

o TS )

PEAK  FosiTion (fFH

0692856

™
©
™
0
o
o
o
Z
O
=
O
-
O
—
18
<
I



2C.

PEAK pOSITor)  (PPH 7o THS)

0692857

HARTOLDMONOO0O5364



oY R
werwaes

10 110 Y0 Yot e
KE SN0
b

2 FI6 VR

peax PosiTio] (FPM To a5

0692858

HARTOLDMONO0O05365



i

22.
SECTION C

BIOLITE ANALYTICAL INVESTIGATIONS

Introduction

Basic data were needed to define the scope and limitations of

Biolite as a bacteriostat. This study covered the following problems:

1. Development of nethod for ppm pentachlorophenol and/or Biolite
on cloth.

2. Stabllity studies -

a. Biolite in detergents.
b. Coated Biolite in detergents.
¢. Experimental fungistat in detergent.

3. Retention studies -

a. Blolite on cloth from Terg-O-Toneter washes.
b. Biolite on cloth from full scale washing machine washes.

4. Miscellaneous studies -

a. Effect of sterilization of cloth on Blolite analyses.

b. Stadbility of Bilolite-detergent-water at 140°F,

¢. Determination of Bilolite by reduction with sodium biphenyl
and measurement of the liberated chloride.

Summary

1. A method has been developed for the determination of pcnta-
chlorophenol and/or Biolite (2-chloroethyl pentachlorophenyl car-
bonate used as a bacterlostat-fungistat) on cloth. The method is
based on the hydrolysis of Bilolite to pentachlorophenol followed
by extraction with chloroform and measurement by ultraviolet absorp-
tion in alkaline aqueous solution. The method sensitivity is a few

parts per million Biolite and the accuracy 1s belleved to be within
+ 10% of the amount present.

2. Stabllity tests run at BO°F. in the humidity caoinet on 1%
Biolite (99% assay and < 100 mesh) in All showed that approximately
50% of the Biolite remained after two months. Approximately 70%

remained after two months with $0% assay, 20-100 mesh Biolite in
All, Pab and Tide.
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23.

Accelerated stability tests (one week at 60°C. which the
soap manufacturers claim equivalent to a one-year shelf life) were
run on 1% Biolite in Tide. The Biolite was coated with various
materials which might prevent decomposition. A 10% coating of
polyvinyl alcohol increases the stability of the Biolite in the
presence of the detergent from 40#% to 80%.

Acceleratea stabllity tests showed approximately the same
decomposition for an experimental phenyl pentachlorophenyl carbonate
as for Biolite.

3. The Terg-O-Tometer which is used to determine the effective-
ness of various detergents in laundering was used to evaluate Biolite
in the detergents. Cloth laundered in the Terg-O-Tometer and agr
dried contained approximately 17 ppm Biolite while the samples washed
in an automatic washer and dried in a commercial drier contalined 100
to 140 ppm Biolite. Cioth washed 1n the Terg-O-Tometer where the wash
as well as all the rinse solutions are poured (filtered) through the
cloth to simulate the full scale washer gave 60 to 160 ppm Bilolite
on the cloth. These {indings indicate that the Terg-O-Tometer is
not equivalent to standard washing machines for studies of this type.

The analysis of cloth from ten successive washes showed no
bulld-up of Blolite.

Three full scale washer experiments resulted in the following
conclnsions:

(1) Less than B ppm (calculated as Biolite) 18 present on
cloth as pentachlorophenol after the wash, the first and second
rinse and the air drying steps. This represents about 7% of the
total Biolite present.

(2) The pentachlorophenol content of the heat dried cloth
increased to 20 ppm or about 18% of the total Blolite present.

(3) Upon sterilization, the pentachlorophenol increases ir
the washed and dried samples to £0 ppm. About 70% of the Biolite
i8 hydrolyzed. This shows that the biological testing was carried
out with cloth containing 70% pentachlorophenol and 30% Biolite.

(4) The explanation for twice the Biolite content in heat
dried samples in comparison to the air dried samples 1s not known.
Analytical method error and/or d4ifficulties in sampling due to the
non-uniform distribution of the Biolite may account for this.

0692860
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4. Analyses show that sterilization does not change the recovery
of known amounts of Biolite added to cloth.

Approximately 5% of the Biolite in detergent in wash solution
ia decomposed in 10 minutes at 140°F. The state of subdivision of
the Biolite affects this decomposition. 16# decomposition occurs in
10 minutes 1f the Biolite is added as a solution in acetone.

The reduction of Biolite with sodium biphenyl and titration
of the resulting chlorides with standard silver nitrate has been used
as an independent method to check the validity of the extraction-
ultraviolet method. Both methods give essentially the same results
for the analysis of cloth from washing tests.

Analytical Studies

1. Development of Method for ppm Pentachlorophenol and/or
Biolite on Cioth

Preliminary results were obtained using a method based on
extraction of the clotn in a Soxhlet extractor with ethanol. The
optical brightener offers serious interference with ultraviolet
measurements. Attempts to effect purification by extraction pro-
cedures proved unsuccessful due tv emulsions.

Extraction of the pentachlorophenol from the cloth with chloro-
form in the presence of water eliminates most of the above difficulties,
Quantitative extraction is slow becausec of the entrainment of the
chloroform by the cloth and because equilibrium in the extraction is
established slowly. This requires 5 minutes of vigorous shaking.

To accomplish equilibrium on the Wrist Action Shaker, the samples
must be shaken at least 1 hour 1% minutes and preferably 2 hours.

All the pentachlorophenol is found in the chloroform layer so that

if a known amount of chloroform has been added, quantitative analysis
can be made on a measured aiiquot. Biolite does not interfere if

the solution i3 acid. The chloroform solution is washed with 10 ml,
0.1 N sodium hydroxide and the ultraviolet atsorpticn of the aquecous
alkaline phase 1s measured at 320 mu.

For the determination of Biolite and pentachlorophenol, the
cloth 18 moistered with 0.1 N 50% methanol-H20-sodium hydroxide.
After standing a few minutes, the hydrolyzed sample 18 acidified
and the pentachlorophenol extracted in the usual manner. There 18
very little background interference using this procedure. The
reproducibility of the method is believed to bte within + 10%.

The method is as follows:
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METHOD NO. 62-4

Determination of Biolite and/or Pentachlorophenol on Cloth
Method # 3

SCOPE

The method 1s designed to devermine the Biolite and/or pentachloro-
phenol present in 2loth at the level of 5 ppm or higher. It is a
modified and improved version of Method # 2 developed earlier.

PRINCIPLE

The pentachlorophenol 1s extracted with chloroform directly from
the cloth suspended in water, the chloroform washed with water and
finally with a small volume of dilute sodium hydroxide solution.
The ultraviolet absorption of this alkaline solution 18 measured
at 320 mu where sodium pentachliorophenate has maximum absorption.
Biolite does not interfere.

The cloth is moistened with alcoholic sodium hydroxide and the
Biolite 18 decomposed instantly to pentachlorophencl. The total
pentachlorophenol is determined. The Biolite is the difference

between the total pentachlorophenol and the pentachlorophenol found
directly.

REAGENTS

Chloroform - A.R.

Sodium Hydroxide - A.R. 50% Sol'n.
Hydrochloric Acid - A.R.

Methyl Orange Indicator

Methyl Alcohol - A.R.

APPARATUS

Burell Wrist Action Shaker
1 - 250 ml. Separatory ;unnei
- 125 ml. Scparatory Funnels
gary Record1ngpSpectrophotometer with 2.0 cm. Fused Silica Cells
8 oz. Narrow Mouth Bottles with Polyethylene Closures
Usual Latoratory Glassware

STANDARD_SOLUTIONS

0.1 N Sodium Hydroxide -

No. 1 - Add 2.6 ml. 50% sodium hydroxide to 500 ml. distilled water
and mix thoroughly.

No. 2 - Add 2.6 ml. 50% sodium hydroxide to 250 ml. distilled water
~  and add 250 ml. methyl alcohol.
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METHOD NO. 62-4
pPe.

PROCEDURE
A. Pentachlorophenol

1. Take a 5.0 g. sample of cloth and cut into suitable s8iz?
pleces or strips and place in a clean dry 8 oz. bottle.

2. Add 150 ml. of distilled water and 6 drops of 1-1 hydrochloric
acid.

3. Ad4, by pipette, 25 ml. of chloroform and shake vigorously
for 30 seconds or until cloth 13 dispersed throughout water
and chloroform.

4, Clamp in a horizontal position on the Wrist Action Shaker
and shake with maximum shaking action for 1.5 hours (8
samples may be shaken at one time).

5. Remove the cloth from the bottle with the aid of a wire hoox.
Squeeze the cloth against the neck of the bottle during the
withdrawal to minimize the amount of chloroform discarded
with the cloth.

6. Transfer the contents of the bottle to a clean dry 250 ml.
separatory funnel.

7. Drain the clear chloroform layer into a clean dry 25 ml.
nraduate and record the volume to the nearest one tenth of
a ml.

8. Place 25-30 ml. of distilled water into each of two 125 ml.
separatory funnels.

9. Pipette 10 ml. of 0.1 N aqueous scdium hydroxide (sol'n. No. 1}
into a third 125 ml. clean dry separatory funncl.

10. Transfer the chloroform from the graduate quantitatively, with
the aid of a little cnloroform, to the 1st wash water funnel,
stopper and shake for 15 seconds.

11. Drain the chloroform into the second wash water funnel.

12. Add approximately 25 ml. of fresh chloroform to the first
wash water funne..

13. Shaxe both the first and second wash funnel for 15 seconds
(these can both te shaken at the same time).
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METHOD NO. 62-4
pg.

14. Drain the chloroform in the second wash funnel into the
third funnel containing the sodium hydroxide (# 9 above).

15. Drain the chloroform from the first wash funnel into the
second wash funnel.

16. Shake the recond wash funnel and the third funnel contalining
the sodium hydroxide for 15 seconds (these can be shaken
at the same time).

17. Discard the chloroform layer from the alkaline funnel.

18. Transfer the chloroform from the second wash funnel to the
third funnel containing the alkall.

19. Shake for 15 seconds, and discard the chloroform.

20. Apply vacuum to the top of the separatory funnel and open the
bottom stopcock to allow air to bubble up through the solu-
tion for several minutes or until all the chloroform has
been removed (odor).

21. Pour the solution into a 2 cm. cell and measure the absorp-
tion in the range of 400 to 230 mp using distilled water in
the reference.

22. Draw in the background which is a straight line extension of
the curve from 400 to 350 mo. The absorbance measured at the
maximum of 320 mp 18 <orrected for the background from the
curve at this waveiength and <he difference used in calcu-
lating the resvlts.

B. Biolite and Pentachlorophenol - Total

1. Taxe approximately a 5 gram sarple of cloth, welghed to the
nearest 0.1 gram, cut into suiltable size pleces or strips
and place in a clean dry 8 oz. tottle.

2. Add 10 ml. of 0.1 N sodium hydrcxide in 0% methanol-water
mixture (sol'n. No. 2;. Stir the cioth around with a
stainless steel spatula to make certain that the cloth is
thoroughly wet with the alcoholic sodium hydroxide solution.

3. Rinse off the spatula with water using a total volume of
150 ml. Add 1 drcp methyl orarge indicator solution.

4, Add approximately £-.10 drops 1-1 hydrochloric acid soluticn
and shake. The indicator snculd te red, showing the solution
is acid.

5. Proceed with the anaiysis starting with Procedure A, Penta-
chlorophenol, # 3.
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pPg.
CALCULATIONS
pPpm pentachlorophenol =
Vol. of Chloroform
(0. D. at 320 - Sol'n. Extracted Vol.of 0.1 N NaOH
0.D. at 320 of backgrggnd) x 25 x _Taken in ml. x 10¢
sorption coe clen of Cell length
pentachlorophenol at 320 mp) X in em. x Wt. sample in g.

PRECISION AND ACCURACY

METHOD NO. 62-4

« Corr. O.D. at 320 x 10 x 10* x fraction chloroform extracted
200 x 2.0 x 5.0

= Corr. O0.D. at 320 x 50 x chloroform fraction

. __Optical Densit
¢ Absorption coefficient = g.7T00 ml. S ength, cmo)

DISCUSSION

No data were obtained for statistical calculation of accuracy or pre-
cision. The five extracts give better than 90% recovery with known
pentachlorophenol from cloth at the 50 ppm level. The reproduci-
bility is within 1 ppm at the 30 ppm level. The accuracy and repro-
ducibllity are believed better than with Method # 1 and equivalent

to Method # 2.

Pentachlorophenol can be quantitatively extracted from water solution
by chloroform in one 15 second extraction. However, in the actual
extraction of the pentachlorophenol from the cloth, only 60% is ex-
tracted in the one minute time. Quantitative extraction is obtaincd
using 30 minute shaking. No intermediate shaking times have been run
but a 5 minute shaking would probably glve Quantitative transfer

from the cloth to the chloroform solution.

In shaking the cloth, water and chloroform, with 25 ml. chloroform,
about 21 ml., of chloroform is the most that can be drained forward.
This means that the practical recovery is only 85% of the amount
present. Thus, two additional extractions are needed for quanti-
tative transfer of the pentachlorophenol. An alternative procedure
could be used where an aliquot of the chloroform is washed and the
pentachlorophenol transferred to the sodium hydroxide solution for
UV measurement. This is the basis of the present method.
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METHOD NO. 62-4
Pg.

When extractions are shaken by hand, 5 min. 1s sufficlent for
complete extraction whereas 1.5 hrs. is required using the Burell
Wrist Action Shaker. The shaking action must disperse the cloth
throughout the solutions,otherwise the extraction will be incom-
plete in 1.5 hrs. The purpose of the 1 minute vigorous shaking
initially is to thoroughly disperse the sample before the mechanical
shaking 18 started.

Monsanto Chemical Company

Organic Research Department

St. Louis, Missouri

i2/62 - G. W, Ashworth, R. E. Keller
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2. Stadbility Studles
a. Biolite in Detergents

The stability of 1% Biclite in standard All and dry mix
t All was determined. The samples were prepared in individval 8 oz.
. bottles by accurately weighing in 0.2 g. Biolite and adding 20.0 g.
of the detergent. At the end of the test period, the entire sample
was used for analysis. The dry mix All contained no brightener or
; perfumes. The cont-ol sample was kept tightly capped while the
o sample (cap removed),was placed in the humidity cabinet. The
results of the first series are as follows.

The Bilolite used was 99% assay and less than 100 mesh.

Percent Biolite in Sample

: Time of Standard All Dry Mix All
b Test Tontrol Humldlty Control Rumidity
P Initial 0.97 0.98
P 1 day 0.91 0.90 0.89 0.87
V! 2 days 0.88 0.86 0.82 0.85
‘ 3 days 0.87 0.82 0.84 0.84
i 1 week 0.91 0.77 0.74 0.78
! 2 weeks 0.81 0.67 0.58 0.65
" L weeks 0.81 0.63 0.38 0.61

} 8 weeks 0.83 0.46 0.31 0.33

The results indicate moisture may be a contridbuting
factor in the decomposition.

A second serles of tests were run using 90% Biolite (90%
pentachloro - the balance being the tetrachloro analogue of Biolite)
with mesh size of 20-100. Several detergents were used in this
serjes. The results are given in the following table.

Analyses of Biolite - Heavy-Duty Detergents Up Through Two Months

(Containing 1% Biollite after 3 days, 1 weck, 2 weeks, and 1 month at
80°F. in the humidity cabinet.)

Percent Biolite
> days 1 wk. 2 wks. 1 mo. 2 mo.

All - 99% Biolite - 20-100 mesh 0.97% 0.93% 0.92% 0.83% 0.69%
All - 90% Biolite ~ 20-100 mesh 0.92 0.8 0.84 0.77 0.65

Fab -~ 9C% Biolite - 20-100 mesh 0.9 0.91 0.85 0.79 0.70

Tide- 90% Biolite - 20-100 mesh  0.%0 0.90 0.88 0.84 0.70

Climalene - 90% Biolite -

j 20-100 mesh 0.92 0.2 0.9 0.85 0.76
! Beads O'Bleach (1) - 90% Bio-
i lite -« 20-100 mesh 0.90 0.95 0.95 0.90 0.78

Snowy Bleach (2) - 90% Biolite -
\ 20-100 mesh 0.91 1.01 1.00 0.79 0.69

il) Assay corrected by 0.20% as blanx correction. 0692867

2, Assay corrected by 0.25% as bianx ccrrection.
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The above results do not show as much decomposition as
when the fine mesh (¢ 100) Biolite was used. The results at the
two-month period show that the decomposition is approximately 70% .
for all the detergents. The 4% obtained on the first series is pro-
bably dve to the fine mesh size of the Biolite.

b. Coated Biolite in Detergents

Dr. J. Baker had 90% Biolite coated with various coating
agents at the Wiscomsin Alumni Research Fcundation. This Blolite was
tested by an accelerated test used by the soap manufacturers. The
sample 1s heated at 140°F. (60°C.) for one week. It is claimed that
this test is equivalent to a one-year shelf life. The analytical
data for this test using the method dbased on measurement of COp are
given in the following table.

Heat Stability Studies

% Biolite % of
p TR L S REETT Remeinin
Sample riginally . Remaining Remarks
1wk,
90% Biolite - 20-100 mesh 1.00 0.56 46
99% Biolite - 20-100 mesh 1.00 0.39 39
99% Biolite - <100 mesh 1.00 0.24 24
Control « Biolite used in sub-
sequent tests 1.00 0.36 36
5% Carbowax 6000 0.95 0.36 4o
10% Carbowax 6000 0.90 0.46 51
2.5% Methocel - Ethocel 0.975 0.39 bo
5%  Methocel - Ethocel 0.95 0.48 51
10% Methocel - Ethocel 0.90 0.4) 46
2.5% Carbowax 6000 + Methocel-
Ethocel 0.975 0.45 46
5% Carbowax 6000 + Methocel-
Ethocel 0.95 0.46 48
7.5% Carbowax 6000 + Methocel-
Ethocel V.925 0.45 49
10% Carbowax 6000 + Methocel-
Ethocel 0.90 0.44 49
2.5% Polyvinyl Alcohol 0.975 0. 44 45 .
%  Polyvinyl Alcohol 0.95 0.62 65 0.92 % Btolite in
7.5% Polyvinyl Alcohol 0.92% 0.71 77 0.93 original
10% Polyvinyl Alcohol 0.9 0.76 B4 0,91 formulation
Sugar 0.95 0.48 51
10% Sugar 0.90 0.49 54
15% Sugar 0.85 0.51 60
20% Sugar 0.80 0.48 60
25% Sugar 0.7% 0.39 52 Coated Biolit
Sticky-neceo-?
sary to grind
before formue
ating.
5% Dextrin 600 0.9% 0.52 55 tating
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On¢ percent formulations in Tide of the 5, 7.5 and 10%
polyvinyl alcohol coated Biolite samples were analyzed by the regu-
lar procedure. The values obtained - 0.92 in place of 0.95; 0.93
vs., 0.925 and 0.91 in place of 0.90 - are in close agreement with
the theoretical values. The other samples were not analyzed. Tae
percentage of the coating was assumed to be corract and this value
was used in determining the percentage of the original remaining.

As a check on the uniformity of the coating, three indi-
vidual samples (0.2 g.) of the 10% coated material were weighed out,
dissolved in approximately 25 ml. of alcohol and 10 ml. of 0.1 N
sodium hydroxide were added. This hydrolyzed the Biolite to penta-
chlorophenol which was determined by mcasurement of its ultraviolet
absorption with an appropriate dilution. The assay figures obtained
by this method were 87.0, 86.0 and B86.3% Biolite. These are in
close agreement as well as with the 90% nominal figure and the 91%
obtained by the method involving the mecasurement of carbon dioxide.

Of the coated materials tested, polyvinyl alcohol appears
to be the most promising. There is & trend showing less decomposition
as the amount of the polyvinyl alcohol 1s increased up to the 10%
level.

¢. Experimental Fungistat in Detergent

The accelerated test - one weck at 140°F. - was run on
1% phenyl pentachlorophenyl carbonate in Tide. 33% of the fungistat
remained after one week. This 18 approximately the same as obtained
for Biolite.

Nl - e Wi A S

3. Retention Studies

T

a. Biolite on Cloth from Terg-O-Tometer Washes

Experimental washings were run in the Terg-O-Tometer to
test the effect of part’le size of the Biolite. An average value
of 17 + 2 ppm Blolite was found on the cloth while cloih laundered
in an automatic washer contains 50-100 prm. Thus, the Terg-O-Tometer
cannot be used to duplicate the results of a full scale washer.

T

To check the deposition of Bioilte on cloth by filtration,
eleven circular swatches of cloth were washed in the Terg-O-Tometer
but the samples were arranged on a Buchner funnel after each cycle
in the same order and the solution poured through the swatches after
the wash as well as after tli.e first and sccond rinse. Bilolite <100
mesh was used on one test and 20-100 mesh materlal was used in a
second experiment. The results are given 1n the following table.
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Cloth Sample No. m Total Biolite
From Top to Bottom <100 Eesh 20-100 Mesh

1 84 166
2 46 131
10 30 61
11 ot 60

The range of 60-166 pprm 1s higher than the 17 ppm
obtained when the Terg-0O-Tometer is operated in the usual manner.
The data indicate that Biolite 1s retained for the cloth by a
filtering action during standard washing machine tests. This
work shows that the Terg-O-Tometer tests must be changed in order
to simulate the retention of Riolite on cloth laundered in a
standard automatic washer.

b. Biolite on Cloth from Pull Scale Washing Machine Tests

The analysis of cloth from ten successive washes showed
no build-up of Blolite with each successive wash. The average amount
found was B ppm which 18 s0 low that there is a large experimental
error in the determinations. Only one-eighth the normal amount of
Biolite was used in this series of experiments. (0.5% Biolite in

detergent and 0.25% used in the wash.)

The results of three full scale washer experiments carried
out to show the retention of Biolite on cloth are summarized in the

following table.
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Washer #1 _Washer
e 1 washer #2 :;
chloro- Tota asher -
phenol as as Total as Biolite Re-  phenyl
Cloth Biolite Biolite S5td. Mclhod XV, std. Method Av. analysis Mcthod
sample _ (ppm.) _(ppm.) __{ppm.j " {ppm:) _(em.] ~ {ppm-) _(ppm.) .
wash 8 109 54,142 ,61 86 ¢+ 38
1st rinse 8 l)g 5?.75,98 724713
2nd rinse 3 1,86 75,13,51 667+ 10
2nd rinse +
sterilized 70,97 B + 13
Atr dried ki 50,4  70,68,66 68 +1 )8.)8,)6(2) 37+1 61,57 86
Aar dried ¢ 1)
sterilized 82,82,79f 8141
ASr dricd ¢ )
sterilized 80 110  81,66,70 T3+ 7 112,68,73 83 + 19
ALr dried ¢
sterilized
+ 65 hrs, at
75° 64,69 67 + 3
Yeat dried 20 116 136,99,107 114 + 15 139,157,148 w1 a8 129 120
Heat dried + '
sterilized 76 110 123,106,108 112 + 7 156, 166, 160 162 ¢+ 3

{1) Two sets of samples analyzed.
?? Re-analysis of the samples gave 13,9,7
3} Re-analysis of the samples gave 9 ppm.

ppm. total.
Biolite - essentially all Riolite removed.

‘62
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Cloth from the first washing experiment was analyzed for
both pentachlorophenol and Biolite. Samples taken up through the
air dried step contained no more than 8 ppm pentachlorophenol or 7%
of the total Biolite. The air dried sterilized sample containel U2
ppm pentachlorophenol or about 70% of the Biolite. The heat uried
sample contained 20 ppm Biolite or 18% cf the tutal Biolite. The
fungistat activity of all samples were thus determined on cloth con-
taining 70% of the Biolite present as pentachlorophenol as all samples
were sterilized before running the biological tests.

In Washer Test # 1 only one sample of each was analyzcd.
Tne erratic values make 1t difficult to draw conclusions. The air
dried semple- contains about one-half the Biolite found in the steri-
lized sample and the heat dried and sterilized sample.

Washer Test # 2, involving triplicate samples, was made
to determine the reproducibility of the sampling. The large difference
between air dried and heat dried samples 1s again noted and unexplained.
There 1s good agreement between the sterilized and unsterilized air
dried samples. The reproducibility of the wash sample before rinsing
is poor. This value does not decrease rapidly with two rinses which
shows the tenacity with which the Biolite 1s held by the cloth. This
cannot be ¢slled adsorprion because, §f {t were, the amount on the
cloth would te the same when using the Tzarg-O-Tometer under similar
concentrations.

The results of the third washer experiment show a maximum
variatior. of four-fold between air dried and heat dried sterilized
samples, Two additional samples of the ai{r dried were run at a later
date and the values of 57 and €1 agree nizely but do not agree with
“he average of 37 + 1 obtalned ortzinally. A check of the analyti-
¢sl method disclosed no seriocus errors in the procedure. A very
non-uniform deposition of the Biolite on the cloth might contribute
materially to & non-representative sampling error. The analysis of
an additional sample of hea* dried cloth agreed better with the value
cbtained jreviously.

The redunction of Bilolite with sodium biphenyl and titra-
tion of the liverated chlcride with standard silver nitrate was
developed and used as an irde¢perndent mrethod of analysis., Results
showing B6 prm and 120 pgm for alr dried and heat dried samples from
Run #3 confirm that the difference in Biolite content of alr dried
and heat dried clcth 13 real and that the data ottained with the
extraction-ultraviolet method are of the correct order of magnitude.

Samples of the air dried and heat dried cloth were re-
analyzed ard only a small amcunt of Blolite was fcound. This shows
that all extractable Biolite was remcved from the cioth by the
analytical method.
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Miscellaneous Studies

a.

1.

Effect of Sterilization of Cloth on Biolite Analyses

To determine the effect of sterilization on the analy=is,
a series of experiments were run where & known amount of Biolite
was added in acetone solution to a swatch of cloth and this, ‘n turn,

was analyzed.

and wasned with Tide.

The swatches used were unwashcd, washed with water only

Residual amounts of detergent or other impurl-

ties left on the c'oth were considered as possible sources of troubdble
with the method.

The results given in the following table show that reco-
veries are generally better than within + 10% of the amount added
with outside varilations of + 20%.

Effect of Sterilization of Cloth on Biolite Analyses

Sample and Treatment
Plﬁin Clgth -

Unwashed

Unwashed - Sterilized

Unwashed - Acetone

Unwashed - Acetone -
Sterilized

Unwashed

Unwashed - Sterilized

Unwashed

Unwashed - Sterilized

Washed with Water

Washed with Water -
Acetone

Washed with Water

Washed with Water -
Sterilized

- Washed with Water
- Washed with water -

Sterilized

Washed with Tide +
Bleach

Washed with Tide «
Bleach + Acetone

Washed with Tide +
Bleach

Washed with Tide +
Bleach - Sterilized

Washed with Tide +
Bleach

Washed with Tide -+
Bleach - Sterilized

Total Pentachloro-

Biolite phenol and Biolite
Added Reported as ppm
as ppm Biolite
0 [
4] 5
0 4
0 5
50 49
50 57
100 9u
100 105
o] 0
[ 0
50 66
50 56
100 122
100 107
o] 0
0 0
50 67
50 56
100 116
100 75
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b. Stability of Biolite-Detergent-Water at 140°FP,

A study to determine the exten® of degradation of Biolite
in All during the washing step at 140°P. was carried out. 1In one
experiment, the Biolite was added to the detergent-water solution
(1%) at 140°P. as a solid. In the second experiment, the Biolite
was added in an acetone solution. %nis wash solution turned turbid
immediately and stayed turbid more than 10 minutes. This probably
is caused by excess Biolite precipitated in colloidsl form which
hydrolyzed faster than Biolite added as a 80l1i2. The results in
the following table show that less than 5% of the Blolite would be
decomposed in the normal 10-minute wash cycle.

Percent Biolite Decomposed to Pentachlorophenol

Time in Minutes Added as Solid Added in Acetone Solution

5 2 11

10 5 16

20 10 24

-30 15 31

40 22 38

50 29 44

60 32 48

46 66

120 57 T4

¢. Determination of Biolite by Reduction with Sodium Biphenyl
and Measurement of the Liberated Ghioride

The sodium biphenyl method for the analysis of Biolite
on treated cloth consists of the following operations. A 5.0 g.
cloth sample (diced; 1is covered with 30 ml. chlorine-free xylene
and stirred for several minutes. A 10 ml. aliquot of sodium biphenyl
reagent 1s added and the sample mixed 5 minutes. The excess sodium
is reacted with 1 ml. ethyl alcohul. Five ml. of fresh 3% hydrogen
peroxide 1s added and the sample is boiled 10 minutes. After cooling,
100 ml. acetone and 1 ml. strong sulfurlc acid (1 to 1 concentrated
sulfuric acid to water by volume) are added. The sample 18 stirred
thoroughly and the solution is decanted off. The cloth is extracted
four more times using for each extract £ ml. of distilled water,
100 ml. acetone and 1 ml. 1 to 1 sulfuric acid. The separate
extracts are collected and titrated with 0.0025 N silver nitrate
to potentiometric endpoint using glasc-silver electrode system and
an L & N expanded scale potentiometer.

Analytical data obtained using this procedure are reported
in the following tatle.
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Sample

1. Xylene Solution of
Pentachlorophenol

2. Xylene Solution of
Pentachlorophenol
Plus 5.0 Grams
Control Cloth

3. Same as Sample 2

4, Treated Cloth Air
Dried, 3rd Washer

5. Treated Cloth Heat

Dried, Jrd Washer

Ml.
Sodium

Bipheny)
5.0

5.0

Equivalent

Bilol “e¢

3 Eouna

“u 1 Epm)
100 98
100 98
100 T7
100 93
- 86
--- 120

33.

Remarks

Clgth Abssnt

5.0 Gram Cloth
Control Present

5.0 Gram Cloth
Control Present

36,38,57,61 ppm
Biolite by UV
Method

129,137,148 ppm
Biolite by UV
Method

This work was carried out to provide data for studies
under Job No. 4162 - "Soap and Detergent Bacteriostats”. Messrs.
K. L. Godfrey, D. P. Roman, J. W. Baker, J. P. Speyrer and J. R
Wiedemann carried out the Terg-0O-Tometer and full scale washing
tests, the special sample preparation, including the sterilization
studies, and the preparation of coated Biolite which are givcn in
this report.

12/62 - R. E. Keller, D. B. Hines, 0. W. Ashworth

~ HARTOLDMONO0005382

0692875



34,
SECTION D

P3! NMR Analysis of Process Reaction Products

Introduction

In the development of the new dibutyl phenyl phosphate process,
analytical methods were needed to evaluate the two major steps of
the process: (1) P)Cls + phenol, and (2) (@0)POClp + butanol. 1In
both cases several by-products are formed along with the major
product. A method was needed to characterize the reaction mixtures
and to determine the yield of the desired product.

Summary

P3* NMR methods were developed to analyze mixtures from both
steps in the process. Several by-products were i1dentified. Major
and ninor components were determiried quantitatively. The following
components were identified in the reaction mixtures examined: POClp,
(¢o,POCl2, (#0)2POC), (P0)sPO, (BuO)sPO, (Bu0,s(g0)PO, (Bu0,{@0)2P0
and two pyro compounds.

The developed methods will measure 0-100% of a given component,
and are considered accurate to about + 2% absolute (based on total
phosphorus containing compounds). However, it was not found possible
to analyze accurately for both POCls and (BO)POClp since the P3! NMR
peaxs of these materials overlap. A combined analysis of these
materials can be made.

The developed methods provide a fast, comparatively accurate, non-
destructive method for quantitative analiysis of sample mixtures of
phosphorus compounds. The various components are identified by inspec-
tion of the spectra. The method 1s unaffected by components which do
not contain phosphorus.

Analytical Studies

The developed methods are based on the difference in chemical
shift of the various phosphorus containing components. In & mix-
ture these components were identified using chemical shift data ob-
tained from the pure materials. Quantitative analysis was performed
by measurement of the area of each peak, the area being proportional
t0 the concentration of the component.

Samples from the laboratory and pilot plant were examined, covering
toth steps of the process. The data obtajined were used to optimize
yields and to determine the nature and quantity of impurities present.
Data and additional details can te found on Analytical Data Sheets
filed in the Analytical and Spectroscopy Group.

0692876

HARTOLDMONOOOSR287R



METHOD NO. 62-32
NMR Determination of Reaction Products from the
Dibutyl Phenyl Phosphate Process

A. Step I - Reaction of POCls with Phenol

SCOPE

This method describes a phosphorus NMR procedure for the determina-
tion of the amounts of the various phosphorus components formed in
the reaction of POCls with phenol. The phosphorus components can

be determined to about + 2 mole % (of the total phosphorus compo-
nents) in the range 0-100%.

PRINCIPLE

The P®! NMR spectrum of a typical reaction mixture (see Figure 1)
contains peaks for each of the phosphorus containing components pre-
sent. These peaks were identified by reference to spectra of the
pure materials. The concentration of each component is determined
by measuring the area of the peak assoclated with each component

and comparing to the area of all peaks in the spectrum.

APPARATUS AND REAGENTS

PROCEDURE

High-Resolution NMR Spectrometer capable of measuring P3! (a Varian
HR-60 was used).

Equipment for measuring area such as a planimeter or electronic
integrator.

1. Instrument Settings

Choose optimum settings to give signal display most convenient
for the integration method to be used.

2. Calibration

No calibration is necessary.
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METHOD NO. 62-32
Tpg. 2)

3. Sample Analysis

F111 5 mm. thin walled NMR cells with azzple (add CCle to reduce
viscosity 1if necessary). Adjust specirometer for maximum homo-

eneity and minimum drift. Introduce sample and record spectrum
%and integral). Add HsPO, capillary to sample, rerun and obtain
spectrum with scale calibration.

Calibrate spectra and identify components by chemical shift
values. Determine area of each component by means chosen. Sum
up areas of all peaks in spectrum. Determine the mole % of a
given component using the equation:

Mole ¥ X = Area X 1

no Total Area *

100

where n = number of phosphorus atoms per molecule
Total Area = 5, Area i
n
1
where 1 = the phosphorus compounds present

If both POCls and {(@0;POClz are present, the amounts of these
components are reported as a sum of the two concentrations,
since the peaxs of these species are incompletely resolved.

Area measurements were made by planimeter in the examples
reported here.

B. Step JI - Reaction of (#0)POClsy with Butanol
SCOPE

This method describes a phosphorus NMR procedure for the determina-
tion of the amounts of the various phosphorus componcnats formed in

the reaction of (g0,POCle with butanol. The phosphorus components

can be determined to about + 2 mole % absolute (of the total phos-

phorus components) in the range 0-100%.

PRINCIPLE

See Section A. A NMR spectrum obtained from a typical sample 1is
shown in Pigure II.

APPARATUS AND REAGENTS

See Section A.
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PROCEDURE

1. Instrument Settings

See Section A.
2. Calibdbration
No calibration 18 necessary.

3. Sample Analysis
See Section A.

Monsanto Chemical Company

Organic Chemicals Division

St. Louls Research Department

12/62 - M. W. Dietrich, R. E. Keller

METHOD NO. €e-32
p8.
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SECTION E

ldentification of Inhititors in
Competitive Hydrocarton Ester Fluids

shtroduction

This study was undertaken to characterize the oxidation inhi-
bitors present in competitive turtrofar fluids. The information
was needed to better select an inhiditor for a Monsanto Cqo Alkane
product.

The techniques spplied in the jientification were column chroma
topraphv, ultraviolet ateorption gpectroscopy, infrsred spectroscoypv
Aand nuclear magnetic resorance spectroscopy

Esso, Texaco and Socony turbobdban fluids were found to contaln
one or more components with an aromatic secondary amine structure.

The findings suggest components of the type -

R
H-N
[}
N-R R __ H ; R
and e N\ N_<£T;%§;
‘\c::/' —
(A-262) (a-140)

nalytical Studies

Following 13 a chart of the worx carried out.

Also attached are the ultravinlet spectra of the three turbofan
fluids examired and the typical ultraviclet spectra of the suggesterd
~omponents.
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Experime:ta) Compargeive Turbofen Pluids

Structure Data for Jnhiditor ry
L-J%2 Bsso L7857 Yexaco L-793 Socony ;
Column Two aromatic tnhibitors = ~w~nees e
Chromatography
Uitraviolet Spectra characteristic Spectra characteristio Speotra charecteriatic
Matariel "Per Se" of - of - H of & mixture of -
R A H H
1) nvn_.<—\_n.-n 1 """‘@"‘"‘ N R~n@. N-R
sy —
17) Aromatin system {Disubstituted arom . T1) Arometis mystem
tic secondary amine .
{@13phatinc sroma- "artho” position - 2 N H /..q R
tia tertiavy amine) phenylens Alamine type) R @ "’<4:_§"’
R A-196
Infrared 1 ) IR R
Chromatographio N, 7 \R
Praoctions
N
JY) Aromatie
” &) Multi-.aystem with
v para and tri-syh-
A stitution.
" b) Multy avpter - all
o tri-subsritution
2 ¢) Heterocyelle nitro-
aen sysiem.
No.pri. or sec. amine
-corbonyl or ether
oxygen.
NMR Two aromatic proton Cne aromatiz proton One aromatic proton signal,
Chromatographic signals, I and II, signal, 1, but different from I and 1I1.
Practions and 1, ratio sromstic Signal strength indicetes

Material "Per Se”  bhydrogen to aliphatic 1/3 amount present in
hydrogen, at least 3/1. L 793 and L-742

Conclusion: The fluids contain one or more components as inhibitors with an aromatic sacondary
. Amine structure. Thﬁ findings s.ugest components of the type -

(e e ey

e N S b
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SECTION P

Evaluation of Infotronics CRS-1 Integrator

for NMR Signals

Introduction

The Infotronics CRS-1 Digital Chromatograph Readout System
is designed for integration of signals obtained from a gas
chromatograph. It has been found to be very satisfactory
in this use. Since it possesses potential advantages of
speed and accuracy over other methods presently avallable

for integration of NMR signals, it has been evaluated
for this use.

Summary

The Infotronics Corporation Model CRS-1 Digital Chromato-
graph Feadout System has been evaluated as a method of
integrating NMR ajgnais. This instrument was evaluvated
L with and without signal preamplification using both the
i signal taken directly from the Varian HR-60 NMR spectro-
i meter and the base line stabilized signal obtained from the
' Varian Model V-352] integrator. Two major limitations in
vsefulness of this instrument were found. Difficulty in
zeroing the integrator before integration was observed
when using the signal ottained directly from the NMR spec-
' trometer 88 wel] a8 a tendency of the zero position to
: drift. These 4ifficulties were minimized by using the base
i line stabilized signal from the Varian integrator. The
| second limitation observed was a tendency to discriminate
4 sgainst peaks with a low signal to noise ratio. In a sample
containing both a strong and a wesk peak, the weaker peak may
either be omitted, or an improperly low integral value recor-
| ded. With sufficiently concentrated samples of high signal
to noise ratio, this instrument was found to perform well,
being both accurate and rapid.
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Analytical Studies

A. Description of the Infotronics Integrator

B. Cornection of the Integrator to the NWR Soectrometer

43,

The Infotronics Model CRS-1 integrator is designed specifically as an
adjunct to laboratory gas chromatographs. The instrument is intended
to produce a printed record of the areas of the chromatographic per'ss,
with the time of emergence of each peak shown opposite the recordec
area. Input to the integrator is &n electrical voltage of 50 milli-
volts nominal maximum (100 millivolts 4s permissible); the time
integral of the input voltage is produced, the recorded value being
100 times the value of the integral in millivolt-seconds. Positive
input voltages only are integrated.

Structurally, the integrator includes two componentis, the integrator
proper and the printer which produces a printed tape listing the
integrals of successive peaxs. Functionally, the integrator compor..nt
in turn contains two principal elements, an integrating unit and a
peak-sensing unit. The integrating unit comprises a voltage-to-
frequency converter and a counter; the peax detector is essentially

a differentiating element which detects changes of slope indicative
of the start, top and end of a peak. The sequence of operations of
the integrator and printer is as follows:

Input Operation
tart of peax (positive slope Start counting.
exceeding selected level).
Top of peak (zero slope;. Transfer time reading
to printer.
End of peak (negative slope less Transfer accunulated
than selected level). count to printer,

print count and time.

Controls for operating the integrator manually are also provided,
and the printer includes a control for manual printing of total
counts for a series of peaks.

The radio frequency unit of the NMR spe:trometer provides outputs for
toth oscilloscope and recorder. The arrangement of trese (when using
prase detection of the radio frequency signal).is shown in Pigure 1.
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The total reaistance in series with the spectrometer output is less
2t the oscilloscope teriairal than at the recorder terninal, so tne
CRS-1 integrator was first ccrnected directly %o thne oscilloscope
terminal, Initial ¢trials, vith the vcliece-freguency converter and
slope detector inputs ol the integrator connected together, showed
an aprarent large zero offset. Tnhis was foutd to be caused by &n
alternating voltage present in the slope dc ector input. (7h
slope cetector ircludes a nabnct-g arpiiflier erergized at the ] ne
frequency.) Connection of a capasitor across the slope detector
imput served to Bypass the aiternating voltage prosent here, but
to avold excessive damping of the oscllloscope it was necessary to
[ add a resistance in series, as siown in Figure 2{a,. Because the
: ingut resistance of the voltagu-.requency sonverter is 100 kilohms
, and trd input resistance of the sicpe detector fs 2 to 50 xilohnms,
deperding upon the sensitlivity setving, the result of using this
circult was a decrease of integrator rews:tivity combined with an
apparent decrease of recorder and oscillloscope sensitivity. A
similar result was cbtained hy connecting 1nte5rator directly
) v0 the recorder terminal of the spectrometer; trne shunt capacitance
' at that terminal (see Figure 1; provicded trhe required a.c. dypass.

~ poOssible means cf avoiding a.c. feedrack from trne slope detector
and s-“ultaneous.y redacing leading ¢f the speztrometer output
circult was to ,.ave an 1so.a.-nb ampaillier tetween tne voltage-
frequency converter and the slope cetector. A transister emitter
follower was tried, as shown in Plgure 2.c,; 1% was e.fec‘:ve for
isolaving tne slope desector from the inteprater inzut cirzult,
tut tne cransistor tase cur*e“~ vas sulflzlient o p.oduce an
otlectionable offset of the zero of tre voitage-Irequerncy converter.
A MOre elatorate iso.at-ug a.,lif:er was ::: é in the fermof a
Leeds and Worthrup No. G3724-2 cleotresic D vasl detecior. It
vas connected as ShoWn in Flpure 24 j gohm recistor in
uu.‘es with the input to the ru.l o recu

sensitivity of this unit to trne
the reszonce of the null detecto
teen pr erable for redusing n

hd 193

ever, ,er orrarce of tne appiratas €T Figw
catislactory. Decause Lie hu.i Lo or o [ @]
the ranafacturer and had to te ralurned after & short time, som

; alternative amplifier was sougnt.
Tre alterrnative chosern wWas lne use of & leids and Northvr.p No. 7401
rd meter as & prearplifler. The connecLiins wore as chown 1“ Figure
2. Tre good linearity and low cutput reLictunze of the pH meter
;ern‘t ted 1t to be used to crive roln tne volitage-Treguenty cowverter
and the slope detecter As cet up, the range ¢f tre pd meter was
+ 50 millivelts. A 'ange pcrra'~ twice trls wiie weald have teen
fe~ter to prevent tre meter belrg driven ofl-scale on large peaxs.
In other respects, performance o. the 5 meter as a preanplifier was
satisfactory.
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With all of tre circults tried, it was ¢i1fficult to odbtain a suitadle
compromise betueen sensitivity to small peaks and sensitivity to
roise. The effect of large amounts of danmping was rnot tried in the
precent work, but presunatly the discrimination between noise and
spectral peaks could be improved by use of greater damping with

. correspondingly slower sweep rates. A filtered output is available

) from the spectrometer at the recordcr terminal, as indicated in
Figure 1. To rmaxe the tesat use of this output, 17 would be necessary
to apply a preamplifier because of the high internal resistance of
the spectrometer and the low resisteance of the integrator.

C. Evaluation

1. Gereral Comrments

: All measurerents were rmade with the zero of Infotronics intezrator
ad‘usted so as to give a counting rate of <10 countis/sec. (manu-
facturer's recommendation). The effect of higher zero settings

is discussed later.

By recording the CH: quartet in CraCHao0H at various sweep rates,
tre resoluticn of ti.. integrator was determined to be better than
one peak every 2.0 seconds. Tne marufacturer reports one peak
every 1.5 seconds and that resoiution car be improved considerabdbly
if data is recorded on magnetic tape. Accurate phase settings
appear unnecessary, see Figure 4.

2. Operation without Prearplificatior

With the Infotronics integrator ccnnected to the recorder output
of the HR-60 spectrometer a zample was examined which contained
two peaks in t-e area ratio €.0/1.0. ignal internsity was varied
by adjusting ri. The results obtained are given in Tartle I;
increasing total count indicates increasing sigral.

Table 7

]
!
i

Effect of Signal Irtercsity or Accurasw

' Total Counts Ocserved Area Ratlo*

) on_Integrator Infotrornics iniegraccr Plarireter

! 13,300 ¢ ¢cob co .50
26,000 * 1,500 k1 4 0.45 €.08
53,0060 + 2,000 5.83 # 0.20 cee-
1€2,000 ¥ 10,030 5.55 + 0.30 ——ea

d * Actual area ratio = £.0C°

When the base line statilized sigral obtaired from the Varian
V-2521 integrator (spectrum position) was used as in input
sigral for the Infotronics integrator, the same tilasing

' *  against weak peaks was otrserved.
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3. Operation witih Preanplification

a. pH Meter

At low counting rates (weax s.grnals) the same bilas against
wedk peaks was otservec. at hlgh counting rates a bias
against strc:.; jpeaxs was otserved aprarently due to over-
loading of the pH meter. For these reasons, no detalled
study was made.

b. D. C. Null Meter

synthetic mixture was grepared ccntaining components of
61.1, 30.0 and 8.9 mole Cnroens phosphorus. Signal intensity
was varied by adjusting n., signa. to roise ratlo was varied
by adjusting the freque:ncy response. Representative spectira
it are found in Figures 5-8; tre cata octained are summarized
" in Table II (attached;. The resu.ts ottained are considerably
tetter than those obtained with no preamplification, dbut tre
blas against weix signals remalins.

To determine the eflfect of tac,o.o,cd level on accuracy, the
relative areas of several. of tne multiplet components in the
P33 gpectrum were obtaircd at va*ious tackground readings.
; ~8 the background was ircrcasei, the area ratio decreased
[} approaching the correct area ratio {(with and without back-

' ground subtraction;. However, at ine hign ‘rackground level
needed to obtain the correct arca ratio, the tackground was
a major part of the total zount. Since peaxs with different
line widths would have ciflerent tackgrounds, no simple method
is avallable to accurateiy sutiract the contrivution of the
background from the otuserved count.

D. Sugzested Operating Procedure

a. Connect recorder output of HI-L0 %o Lnput of a preamplifier.

'\
(4

b. Connect output of preanplific o ingut of Inlotrcnles integrater.

¢c. nfter warm-up of equipzment, adluct zero
Lrvegrator 0 glve & counting rate ol le
\aGJusting the red prote palules i reces

tting of Infotronics
tran ten counts/second
v

Vi

[} (1

)

.
s
ca
i d. Switch function control switcrh of Infctronics integrator to
automatic (integrat:ion;.

e. Hecerd spectrum and integral.
f. ?Press totail batton on calculate

.
i ad‘ust the sensltlivity control cof
aiue decreasing sensitivity and r

Il spuricus peaxks are recorded,
ne Infctronics Iintegrator to
at steps ¢-£.,

: 0692893
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J( E. Peasibility and Recosmendations

Under the operating conditions investigated, the Infotronics CRS-1
integrator is not satisfactory as an instrument for general use in
integrating NMR signals. In certain cases of samples with strong
K signals, its operating speed may prove useful in odbtaining area
{ measurements from & large set of similar samples (where its
accuracy on one of the samples can be independently determined).

12/62 - M, W. Dietrich, W. M. Trump, R. E. Keller

o

0692894

HARTOI! DAMONNAAALE A A



HR-50
Instrucent

Seiline..
55 6b 4n., N
70 6t in., HR
55 ¢b in., HR
70 ob in., HR

- s 2

Table IX
Data_Obtained Using D. C. Null M-ter

amole Comn ition
2 e O N

Actval Ny Intolroiifca Intcgra¥or T By Planimeter

B SN I3 A B = AT BT
61.1 0.0 8.9 62.241.3 290.7+0.7 8.1+08 649 251 10,0
63.4 + 0.6 30.2 40.8 6.4+0.5 60.7 30.8 8.8

62.8 +1.2 30.4 +08 6.8 +0.6 60.0 29.7 10.3

67.140.% 29.7 405 3.3:0.2 637 266 9.7

‘8%
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?ig. 3. Connection of pH meter as preawolifier.
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SECTION G
NMR Determination of Methyl Lactate
in Pirst Step Reaction Mixtures
Introduction

In the development of a synthetic lactic acid process, it was
found that an analytical method was needed to determine the methyl
lactate (ML) in first step reaction mixtures. NMR spectra of the
pure materials, as well as typical reaction mixtures, were obtained
and analyzed. It was found that an NMR peak specific for the
methyl of the ester in the presence of methyl alcohol and residual
lactonitrile could be used for analytical purposes.

Summary

A method was developed based on the measurement of the area of [
the methyl peak of the ester in ML. The weight percent ML is
determined from a calibration curve obtained from area measurements
of standard mixtures of ML and methyl alcohol. With this method
it 1s’possib1e to determine the weight % ML covering the range
0-100% with an accuracy of about + 1% absolute. Other methyl
esters are the only components expected to interfere with thils
method.

The method developed 1s preferred to a gas chromatography pro-
cedure when precise data are required. The NMR method is less
rapid than the gas chromatography procedure and it will probadbly
not be the method of choice where many samples and the need for
less precise results are involved.

Analytical Studies

I'n analytical studies were carried out. The VPC method develcped
was chosen for routine analysis for the reasons given above. The
NMR method will be used to provide more accurate data when needed,
such as confirmation of doubtful VPC results.

0692903
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METHOD NO. 62-22

NMR Determination of Methyl Lactate
in Pirst Step Reaction Mixtures

SCOPE

This method descrides a proton NMR procedure for the determination
of the concentration of methyl lactate in reaction mixtures con-
taining methyl lactate, methanol, and impurities at relatively
low concentration levels. The methyl lactate can be determined
to abcut + 1% absolute in the range 0-100%.

PRINCIPLE

The proton NMR spectrum of methyl lactate (see FPigure I) contains
peaks for the OH, H and two types of CHs present in methyl lactate.
The same spectrum (OH peak shifted) i1s observed for reaction mix-
tures containing methanol and impurities (see Pigure II). This
analysis 1s based on the peak area of the methyl group of the
ester. The other peaks in the methyl lactate spectrum cannot bde
used since impurities expected to be present would interfere in
these measurements (other methyl esters would interfere with the
measurement described).

APPARATUS AND REAGENTS

High-Resolution NMR Spectrometer (a Varian HR-60 was used).
Methyl Lactate - Reference of at least 98% purity.
Methanol - reagent grade.

Synthetic mixtures covering the concentration range of interest. The
mixtures used were:

Welght, E
Methyl Lactate Methanol
35.0 65.0
40.2 59.8
43.9 56.1
47.9 52.1
51.7 48,3
54.9 k5.1
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METHOD NO. 62-22
Pg.

PROCEDURE

A. Instrument Settings

The settings given are for a Varian HR-60 Spectrometer equipped
with V-3521 integrator and a Mosely Autograph X-Y Recorder.

V~4311 RP Unit: 80 ab In

Recorder Level: Maximum
Receiver Gain: 3

PFrequency Response: WL@ Detector

V-3521 Integrator: Input Level: 650
Output: Coarse X.1
- Pine X.1
Prequency Response: 20 cps

L Autograph XY Recorder: X: 100 sec. full aéale
- Yt 500 mVo = full scale

Slow Sweep Unit: Increase 1 x 100
i Sample: 5 mm., spinning
4} B. Calibration

Fill precision NMR cells (Varian or equivalent) with the prepared
synthetic mixtures. Adjust the spectrometer carefully for maxi-
mum homogeneity and minimum drift. Using the reference mixture
with highest concentration methyl lactate, record the integral
curve. Make any adjustments necessary so that this integral

1s near recorder full scale. Also, make any adjustments neces-
sary to optimize the appearance of the int2gral curve. In
sequence, run the set of standard mixtures making spectro-

meter adjustments when necessary. Obtain as many integral

traces for each sample as needed to give the desired measure
of precision.

On each integral trace, draw parallel lines through the base-

line before and after integration of the ester methyl peak in

methyl lactate. Measure the distance between these baselines

for each trace with an accurate ruler. Calculate the standard
deviation (if desired) for each standard mixture.

On coordinate paper, plot the areas of each sample against the

percent, by weight, methyl lactate. Draw the best smooth curve
through these points. The working calibration curve set up for
the method 4s shown in Figure III.

o e e ki e
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MBTHOD NO. 62-22
PE.

C. Sample Analysis

Prepare samples, obtain and analyze spectra by the procedure
described for the synthetic mixtures. (If the samples and
standards are run on different days, one or more of the
standard mixtures should be re-run and the results compared
to those obtained previously. If necessary, appropriate
corsections in the areas obtained for the samples should be
made.) Compute the peak area for each sample and equate this
to the weight percent methyl lactate using the calibration
curve.

Monsanto Chemical Co.

Organic Research Department

St. Louis, Missouri

8/62 - M. Dietrich, R. E. Keller
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SECTION H

57.

X-Ray Diffraction Studies of Pentachlorophenol

Introduction

Caking and sublimation problems with plant pentachlorophenol
were thought to be caused by crystalline form transitions. X-ray
daiffraction studies with a Norelco X-ray Diffractometer were
carried out to provide basic data about the crystal forms and
their transformation. Special sample preparation techniques were
developed to overcome particle size and preferred orientation
problems. A heated sample holder operating in the range of
25-100°C. was constructed to permit direct measurement of crystal
transitions too rapid to be followed by intermittant sampling.

Summary

Results show that different diffraction patterns are given by
pentachlorophencl when held above or below the transition tempera-

ture of approximately 60°C. The
more complex diffraction pattern
indicates the presence of one or

Quantitative measurements in

transition is reversible. The
of technical pentachleropncnol
more crystalline impurities.

the 26 range of 32.0° to 34.5°

were used to evaluate effects on the transition rate by chemical
impurity, storage form, storage temperature, and crystal seeding.
These studies indicate that the crystal change in itself 1s not
the cause of caking of technical "Penta" in storage. Details of
this work not reported here appear in Research Progress Report
4304, No. 1, entitled, "Pentachlorophenol” by M. E. Gibbs,

R. W. Bucknell and D. B. Hines.
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Analytical Studies
A. Development of Technigues

1.

X-ray diffraction studies by presssd disk techniques

Problem of sample preparation were encountered in
initial X-ray powder 4Aiffraction experiments with
pentachlorophenol. The crystals are soft and it 1is
difficult to grind them to the fine powder (200 mesh
or smaller) required for powdsr diffraction work.
The crystals ares also highly susceptible to align-
ment along crystal planes (preferred orientation).
Accurate determinatwion of relative intensity of the
various diffraction peaks necessary for quantitative
analysis depends on uniformly small particles with
completely random orientation.

It was found that 150 mesh "Penra" powder could be

pressed into smooth, dense disks at pressures as @
high as 16,000 pounds per square inch, the maximum

pressure developed by the liaboratory Carver Press.

Three grams of powder pressed in a 1 3/8" diameter,
non-evacuable die gave a disk approximately 2 mm.

thick. This disk can be substituted for the specimen

holder in the Norelco Diffractometer and its pattern

readily measured.

This technique, however, prcduced diffraction patterns
exhibiting extreme preferred orientation with all

peaks highly suppressed except for the one at 12.2° 20.
Putting this tachnique on a quantitative basis appeared
rather difficult, and alternative solutions were
explered. Fowever, the pressed disks look promising
for future applications as a means of increasing
sensitivity for a minor component or perhaps in the

suppression of the diffraction pattern of an interferring
component .

X-ray diffraction studies with nujol mulls of penta-
chlorophenol

The preblems of particle size reduction and preferred
orierntation in "Penta" diffraction samples were largely

0692911
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9.

overcome by preparation of a mull of Penta and Nujol.
The mull 48 prepared hy weighing 0.2 grams Nujol into

a 2 ml. stainless stesl WIG-L-BUG grinding vial. Penta
is added equivalent tu exactly 3.5 times the weight

of Nujol. Prilled Penta may be used directly in pre-
paring the mull but flaked Penta was pre-ground on

a Wiley intermediate mill to 40 mesh. After the grinding
vial is charged, two 1/4" stainless steel alls

are added. The vial is capped and the contents

ground for 3 minutes in a model 3110B WIG-L-BUG.

The contents of the vial after grinding are transferred
to a8 Norelco standard aluminum powder diffraction
specimen holder and a plane sample surface is prepared
by pressing with a microscope slide or other smooth
flat-surfaced object. The diffraction pattern is
recorded using the following instrument settings on

the Norelco Diffractometer and Electronic Panel:

35 kilovolts, 25 milliamperes, medium millismpere

range control, 2 ratemeter scale factor, 0.8 multiplier,
L time constant, proportional counter, 1675 counter
voltage. If the total diffraction pattern is of
interest the sample is ecanned over a 20 angle range

of 10-50° at a rate of 1° per minute. For measurement
of the ratio of the two crystalline forms present,

the 20 regions of 32.0 to 4.5 are recorded at a

scan rate of 1/4° per minute. The peak height ratio

of the intensity peak at 32.7° 20 to the peak at

33.0° 20 was used as an empirical representation of

the amount of the higher temperature crystal form present.

The work necessary to put the method on an absolute
basis was considered impractical because of the
difficulty of preparation of standards with known
ratios of crystalline forms.

X-ray diffraction studies at variable temperature conditions

In the exploration of means to accelerate the crystal

form transition, a study was made of the transition

rate at temperatures Jjust below the transition temperature.
A heated specimen holder, Fig. 1, was constructed to
permit measurement of the change in diffraction pattern
with time as the temperature was varied. The special

0692912
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holder was milled from a solid 5/8" x 1 5/8" type
2024-T4 rectangular aluminum alloy bar. The holder
is heated with & Watlow GIE2A Cartridge Heater
100 watt, 11% volt, availadble from the Watlow £lectrio
Mfg. Co., St. Louis, Mo. The raised "island" in the
sample cavity prevents fissuring of molten samples
upon solidification and also houses a No. 30 teflon-
insulated, iron-constantine thermocouple probe. The
temperature is registered on an Leeds and Northrup
Speed-0-Max Model H recorder equipped with a 0-200°C.
iron-constantine scale. Electrical connection of
heater and thermocouple were made through a hole
gzillgd in the diffractometer x-ray scatter shield,
g. 2.

B. Experimental Findings

1.

Confirmation of crystalline form transition

Preliminary experiments carried out with pure penta-
chloroPhenol and with Monsanto and Reichhold technical
"Penta" confirmed that exposure of Penta to a temperature
of 75°C. for several hours or melting it gives a

product with a changed diffraction pattern. Examination
of samples undergoing transition shows several intensity
peaks characteristic of both crystal forms and their
ratio changes with time. The two regions in the

pattern where this change is most evident is the 20
range of 11.5 to 13.0° and 32.0 to 34.5°. The 11.5° to
13.0° region had limited use in quantitative measure-
ment because intensitiles here seemed more affected

by sample surface reproducibility. However, this

region was favorable for study of samples showing

marked preferred orientation such as pressed disks

or solidified melts because Of the greater sensitivity.

Effects of purity on transition rate

Study of transitions at roum temperature of solidified
melts of pure pentachlorophenol and technical "Penta"
from Reichhold and Monsanto exhibited sharp rate

differences. Pure pentachlorophenol underwent W
essentially complete transition in about ¥ hours where-
as Monsanto and Reichhold Penta still showed sub-
stantial amounts of the high temperature form after 14
and 20 days respectively.

0692913

i
. - T A
HARTOLDMONOQ05420



S RN

c.

61.

3. Effects of storage form on transition rate

Monsanto Penta stored as flakes at room temperature showed
essentINy no transition from the high temperature

form in a five day period following flaking. But a
portion of the same sample ground to a 40 mesh pcwder:
immediately after flaking underwent nearly complete
transition at room temperature in the same five day
period.

Monsanto flaked Penta stored for 9 months contained
small amounts of the high temperature form.

Nujol mulls on pure pentachlorophenol in the high
temperature form showed nearly complete transition

within the forty five minute period required to prepare
the mull and obtain its diffraction pattern. Transition
of a solidified melt of this same material took four hours.

4, Exploration of practical methods to accelerate crystal
form transition

The study of the transition rate of pure pentachlorophenol
in the high temperature form showed essentially no

change in 3 hours time while maintained at 55°C. which

1s Just below the transition temperature. This same
sample underwent nearly complete transition at room
temperature in adout four hours.

5. Transition of Monsanto Prilled "Penta"

Freshly prilled Monsanto "Penta" showed only slight
transition from the high temperature form over a 30
hour test period signifying that this physical form
does not appreciably accelerate the crystal form transition.

Puture Applications of X-ray Diffraction Technigues
This investigation illustrates several X-ray diffraction

techniques that can be used to investigate crystal structure
problems of the type described in this report.

0692914

HARTOLDMONOQOO05421



1.

4.

D. Aclnowledgements

The powder diffraction pattern is characteristic of a

pure crystalline material and is useful in a) making
identification, d) determination of purity, o) examina-
tion for srystalline changes brought about by decompo-
sition or reaction to form different crystalline pro-
ducts, d) following appearance or disappearance of

a crystalline phase, e¢) measuring transformation of

a given substance to a different crystalline foram,

f) formation of solid solutions or amorphous phases, etc.

Measurement of selected diffraction pattern intensities
often permits quantitative measurement of one or more
crystalline components, the extent of a crystal form
transition, rates of changes of crystalline phases

and transition temperatures.

The spscial techniques of sample preparation devised
should be useful in future studies of organic crystalline
matter.

The production of diffraction patterns under variable
temperature conditions should have future utility.

Acknowledgement is gratefully given to the following persons
for helpful suggestions and support in this problem:

1.

12/62 = D. B. Hines, R. E. Keller

W. M. Trump for recommendation of heating and temperatu:e
measurement components.

To A. J. Bindbeutel for construction of the heated
sample holder.

V. W. Saeger for suggestions pertaining to preparation
of pressed disks of pentachlorophenol.

E. D. Plerron and R H. Munch for suggestions on sample
preparation by the Nujol Mull Technique.
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SKCTION 1

ldentification of Contaminants in para-Phenctldine

Introducttion

In the continuous hydrogenation of p-phenctidine, a prccipltate
vas formed that caused a quality problem in the W.G.K. p-phenctidinc.

Anstytieal attempts to ldentify the organlc structures of the
contambnnnts in the p-phenctidine were made by application of infia-
1ed spuctroscopy. These 1dentifications were attempted using a
sample of polymer extracted from p-phenetidine that had been
returned from Nitro.

Summary

Sol1d state infrared spectra (as KBr discs) showed the following
structural characteristics of contaminanis in p-phoenetidin.:

. Sccondary amine

Aromatic nuclcus
Aliphattic hydrop:n

Ethoxy group
«opnra-substituted cromatte

o ENSO -

and the possible additional utructures:

l. nitro group
2. 1,2,4-trisubstituted aromatic ring.

Other techniques - NMR, thin layer chromatography - were unsuc-
cessful.

Analytical Studies

para-Phenctidine Contaminant

Sample - Polymer from para-Phenctidine, 5/24/62, R. Schubcrt
(from material recturned from Nitro;.

Solubility - Estimated less than 1% soluble {n watcr, ben.oure,
chloroform, acetone, acetone + HCl, dioxane, bcnzene, DMF and tctia-
hydrofuran.

Molecular Welght - Average molecular weight range 18 47>
to 600 using Menzies apparatus and bolling tolucne.

0692918
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Nutber of Components - At least 3 or % as determined by

80lubllity and thin layer chromatography.

Structures Found - Determined by infrared using KBr pressci
dises of the samples. 0 satisfactory solvent was found for a

ruclear magnetic resonance study.

(1) «N-, sgcondary amine

{2 ﬁ/§7_ﬂ , Aromatic nucleus

\\44}
i 1
b -?~H, aliphatic rydrogen

4 «0-CpHy, ethoxy group

chHe ”.<<:::::>-R, pira-substituted sromatic

Possible Additional Structures

0. <NOs, nitro group
n

e yEK o, 1,2,4 trisubstituted aromatic rirg
//(
R

i?/02 - R, ¥. Keller, B. Katlafsky

LT e
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SECTION J

Identification of Plasticizers and Other High Boiling Esters

Introduction

A meeting of Research Supporting Technical Services personnel
was held to discuss our current ability to analyze mixtures of
plasticizers. The conclusions drawn also apply to other high
boiling esters such as functional fluid bvase stocks. The three
techniques having wide applicability are infrared atsorption
spectroscopy, nuclear magnetic resonance spectroscopy, and gas
chromatography.

The purpose of this discussion was to make certain that the
Organic Research Department personnel were well oriented with
respect to the advantages and limitations of cach technique.
Because it was felt that the information prescnted at the meeting
would be of interest to others, this report was drafted for dis-
tribution to staff members, group leaders and individual chemists
in the plasticizer, resin materials and functional fluids applica-
tiur. and process groups.

Sunmary

Infrared absorption spectroscopy, gas-liquid partition chroma-
tography {GLPC, and nuclear magnetic resonance {NMR, are powerful
tocls for detecting, identifying, characterizing, and measuring
plasticizers. Each method has lts advantages and limitations.
This report 18 offered as a guide to those working the plasticlzer
field in selecting the best physical analytical method of analys;lis
to fit a particular problem.

Analytical Studies

The plasticizers in common use at present can be divided into
the following classes:

1. Phthalate Esters 10. Sebacate Esters

2. Isophthalate Esters 11. Citrate Esters

3. Terephthalate isters 12. Acetyl Citrate Esters

4. Pnthalyl Glycoliate Lsters 13. Phosphate Esters

5. Benzoate Esters 14, Sulfonamides

6. Maleate Esters 15. Chlorinated Hydrocartons (Aroclcrs,
7. Fumarate Esters 16. Hydrocarbons

€. Adipate Esters 17. Polyesters

9. Azelate Esters 18. Epoxy Compounds

Table 1 1ists the common members of each class showing those of
Monsanto origin, those of competitive origin, and the number of
competitive producers of each (data taken from the incyclopedia
of Modern Plastics, Vol. 39, No. i-a, 19€2;.

0692920
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TABLE I
COMMON PLASTICIZERS

No. of

Type Monsanto Origin Competitive Origin Competitors

Phthlates di-methyl 10
di-ethyl 11
di-butyl 28
di-2-ethylhexyl
(DOP) 25
di-isooctyl 2l
(pIoOP)
di-isodecyl 22
(D1DP)
di-phenyl none
di-cyclohexyl 6
di-tridecyl 7
butylbenzyl
(s-160)
butyloctyl (S-165) 2
isohexylbenzyl _—.-
(2260)
isooctylbenzyl -
(s-261)
isodecylbenzyl ——-
(5-2€2)

0692921
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Type

Isophthalates

Terephthalates

Phthalyl
@Ecoiates

Benzoates

Table I (cont'd)

Monsanto Origin competitive Origin
(methylcarbityl)
benzyl({S-263)
. dicapryl
butyleyclohexyl
butylphenoxyethyl

ethyleneglycol bis-(butyl)

none di-2-ethylhexyl

none di-2-ethylhexyl

E~15{ethyl-phthalyl
ethyl glycolate)

B-16(butylphthalyl
butyl glycolate)

M-17(methylphthalyl
ethyl glycolate)

none dietayleneglycol dibenzoate
dipropyleneglycol dibenzoate
ethyleneglycol dibenzoate

HARTOLDMONOQ005429
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Adipates

Maleates

Fumarates

Azelates

Sebacates

Table I (cont'd)

No. of
Monsanto Origin Competive Origin Competitors
di-2-ethylhexyl 23
(DOA)
di-1scdecyl (DIDA) 17
di-n-octyl-n-decyl 14
di-isobutyl 8
dibutyl 5
dioctyl
divutyl
dioctyl >
none di-2-ethylhexyl 10
di-1sooctyl 7
di-isobutyl
none divutyl 1%
dioctyl 14
di-1isooctyl \ 10
0692923
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Table I (cont's)

_Type Monsanto Origin  Competitive Origin CEENO stitors
Citratea
none triethyl 2
tri-n-butyl 3
{ Acetyl Citrates
} none acetyl triethyl 1
E acetyl tri-n-butyl 1l
i acetyl tri-(2-ethylhexyl) 1
: Phosphates
; triphenyl 8
{ tricresyl 12
‘ S-140(cresyldiphenyl) 7
i S-141(2-ethylhexyldiphenyl) -
S-1h4(1s0ctyl diphenyl) -
Sulfonamides
S-1-H(N-cyclohexyl-p- none
toluene sulfonamide
S-3(N-ethyl-p-toluene none
sulfonamide)
S-8(N-ethyl-o,p-toluene none
sulfonamide )
8-9(o,p-toluene none
sulfonamide)
N-butyl benzene- 1
sulfonamide
|
0692924
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Table I (cont'd)

Type Monsanto Origin Competitive Origin CO:;éttgors
Chlorinated Hydrocarvons
Aroclor 1221 none
Aroclor 1232 none
Aroclor 1242 none
Aroclor 1248 none
Aroclor 1254 none
Aroclor 1260 none
Aroclor 1262 none
Aroclor 1268 none
Aroclor 4469 none
Aroclor 5442 none
Aroclor 5460 none
Aroclor 2565 none
Hydrocarbons
HB-20 none
HB-40 1
dodecylbenzene
misc. 9
.
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Table I (cont'd)
. No. of
Type Monsanto Origin Competitive Origin Competitors
Polyesters
5-405)1,3-butanediol
S-409)adipic acid
8-411)polyesters
minc.. 20
Epoxy Compounds
epoxidized soy bean oil 4
epoxy tallates® 2
epoxy tetrahydrophthalates
epoxy stearates . 3
misc 11
0692926
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A. Infrared Absorption Spectroscopy

In general, infrared absorption spectra offer a rapid
method of determining the class type of an unknown plasticizer

(parent acid of the esters type, sulfonamides, phosphates, etc.).

The absorption patterns are very consistent for a given class
and serve as proof for identification purposes. Identifica-
tion of a particular compound within a class rejuires a critical
comparison of the spectrum of an unknown material with that of
a reference spectrum. Often the positive tdentification of a
given compo:nd {n 8 class 18 not possible because unless the IR
spectrum §s obtained unider special conditions, the smal) differ-
ences that exist are not easily cdiscernidble. For example, the
spectra of diisooctyl and di{isodecyl phthalate are practically
identical.

FPor mixtures, each case must be considered almost indi-
vidually. However, the following general rules will apply:

0692927
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75.

1. For mixtures of two or more compounds in a class (i.e., butylbenzyl,
dibutyl and dibenzyl phthalates) infrared will not detect or

. differentiate the components, only indicate that a phthalate 1s
present.

. 2. In mixtures of plasticizers of different c.asses (i.e., fumarates
i and maleates) infrared spectra will often, but not in every case,

be vseful in detecting the presence of each of the several classes
of plasticizers present.

3. Hydrocarbons in the presence of the other classes of plasticizers
cannot be detected directly. Quantitative analysis of such a
mixture will give a differential measurement of the hydrocarbon.

A qualitative infrared absorption scheme 1s attached which can be used
to identify the majority of the plasticizer classes on the basis of
the presence or absence of key absorption bands in the spectrum. A
bar graph is attached showing the characteristic absorption patterns
for each plasticizer class. The wave length in microns for these
characteristic bands are:

1. Phthalates

5.8
3:8.s. 9
! 9.3-9.
| 9.6.5.7
13.4-13.5
14.2-14.3

2. Isophthalates

-9
7 9 (usually a doublet)

[
;V\O‘O mmm—a\n
'
-
i
(o]

H-quvuuunw~um
U\

3. Terephthalates

. -3.9
i doublet)
.g -9.1 {doublet)

1}.

0692928
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Phthalyl Glycolates

29

9

£V @Q‘a

i O\\J‘\D\)‘
=

Benzoates

5.8-5.9
7.6

g .8-7.9

Maleates
5 75 5.83

Broad band with four distinct peaks at:

0 &
8.25-8.
8.6 -8.
Fumarates
5 75 5.85
Broad band uith two peaks at:
708
8.2

Broadeband gith two peaks at:

-4\ﬂ~

8.7
10.2

Adipates

3P

g.g -8.6 (usually most intense)
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9. Azelates
3.35-5.85
8.5 -8.6
88
9.1
10. Sebacates
.75-5.85
g.o -3.1
8.5 -8.6
| 8.85-8.95
! 11. Citrates
2.9 -3.0
3-75-3-85
4 -8.5
8.9 -9.0
12. Acetyl Citrates
2.9 -3.0 (weak)
5.8
.15-8.
8.45-8.55
8.75-8.85
13. Phosphates
No band 1n 5.7-6.0 region.
7.7- 7.8
10.3-10.6
14, Sulfonamides

3.0
No6band in 5.7-6.0 region.
T

15, & 16. Hydrocarbons and Chlorinated Hydrocarbons

No absorption in 5.7-6.0 region.
No strong absorption in 7.5-9.0 reglon.

0692930
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17.

18.

Polyesters
Spectra of polyesters resemble those of the parent acid

derivatives (1.e., adipic acid polyesters spectra will
resemble those of the simpler adipates).

Epoxy Compounds

Insufficient data avallable to characterize thia class.
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81.

B. Nuclear Magnetic Resonance Spectroscopy

Nuclear magnetic resonance 1s & useful analytical tool for
determining the structure of unknown compounds and for determining
concentrations of components present in a mixture. A particular
NMR measurement i1s sensitive to only one nuclear species; at present,
the Organic Research Department is equipped to perform analysis of
proton, phosphorus, and fluorine containing compounds. In struc-
tural determination, use 18 made of the position (chemical shift;
and the multiplicity of an absorption. The atsorption position 1s
characteristic of the molecular environment of particular nuclei;
the peak multiplicity gives information concerning the presence or
absence of nearby magnetic nuclei. NMR is useful as & quantitative
tool since the area observed for an NMR absorption 1s directly
proportional to the number of nuclei giving rise to the absorption.

In using NMR for structure elucidation of plasticizers, a
given plasticizer class cannot be assigned a characteristic absorp-
tion pattern which is unique to that class, as is possible with
infrared spectroscopy. Instead, the chemical shifts of the peaks
observed in the NMR spectrum are used to identify the structural
groups present. Using this information, together with peak multi-
plicity and relative peak areas, a definite structural assignment
can often be made.

The approximate absorption intervals of the structural
groups commonly found in commercial plasticizers are indicated in
tiie attached figure. If more than one proton type is present, the
indi.>ted absorption i1s due to the underlined proton type. The
second a‘tached figure is a graphical representation of the NMR
spectra of ~ series of phthalate esters showing their characteristic
chemical shit's and peak multiplicity; no attempt was made to repre-
sent relative pu2k arep, quantitatively in this figure. The com-
pounds listed ars C:7, dimethyl phthalate; DEP, diethyl phthalate;
DBP, dibutyl phtnalate; DIOP, diisooctyl phthalate; NP, lirhenyl
phthalate; and S-160, butyl benzyl phthalate.

There are several limitations to the information obtainable
by NMR. In mixtures, or very complex molecules, because of the
finite line width of the observed NMR signals, it 1s not always
possible to distinguish between structural groups having similar
chemical shifts. Also, in general, it 18 not possible to dis-
tinguliah between & pure compound and a mixture of compounds con-
tainining the same structural groups.
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€. fas Chromatography

The following table summarizes our present capability ‘n
8438 chromstography with respect to plssti~izers. This represent's
the sc~ope of our presert experience an® ro' necesssrily the
1imita of capabllity of gas chromatograrhy. Turther experimenta-
tion and development of this technique may !ikelv bromien (ts
applications to plasticizers.

3/63 - B. Katlafskv, M. Tietrich, E. Emerv, W. E. Koerner, R. E. ¥elle*
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Plasticizer
Systems

Dialkyl
Phthalates

: Dlalkyl

Fumarates
and
Maleates

Alkyl
Phosphates

Diulkyl
Succiiotes,
Adipates,

1 Sebacstes,
eto.

gas Chromatogra, hy Capability in Plasticizers

per Sample
Elapzed on
Advantages Limitations Instrument (min.) Man-min.

1.Resolution of mixed esters 30 30

from the corresponding sym-

metrical esters (e.g., iso-

octylbenz{l and butyl-2-

ethylhexyl).
2.Qeneral resolution of a mixture

of DOP, DIOP, DIDP, S-100, TCP,

dibutyl-, dibenzyl- and ditri-

decylphthalates.
1.Detn, of unreacted esters in Do not resolve the 32 30

bisfumarates. higher maleates from
2.Detn. of unreacted alcohol the corresponding

and other impurities. funarates. (We can
3.Resolution of mixed esters resolve the AIbutyI

from the corresponding and diethyl, but not

symmetrical esters. the di1-2-ethylhexyl

and diisohexyl).
Resolution of most mixed Cannot as yet resclve 0 30
phosphates, such as the methyl- the 2-ethylhexyl-phenyl
phenyl and butyl-phenyl series. series (S-141,.
The same capability should apply
in general as with the dialkyl
phthalates,
@
v
0692938

Estimated Time Required

W

HARTOLDMONOO005445



SECTION K

Infrared Study of the Reaction Rate of
Resorcinol in Sodium Sulfite Sclution

Introduction

The literature reports that resorcinol in the presence of sodium
bisulfite 1s sulfonated in several intermediate steps to yleld
sodium 1,}-dihydroxy-1,3,5-cyclohexanetrisulfonate and m-phenol
sodium sulfonate as atable end products. Confirmation of this side
reaction and reaction rate data were needed to optimize process
conditions and minimize resorcinol losses in the acidification and
quenched liquor storage steps of the resorcinol process.

Summary

An extraction procedure and infrared absorption method were
developed for the measurement of resorcinol in saturated sodium
sulfite solutions which provided analytical data to calculate rate
constants. In the temperature range of 50 to 103°C. and the pH
range of 6 to 12 the data indicated that at constant pH the reac-
tion rate increased with temperature, and at constant temperature,
the rate increased with acidity. Under the tentative operating
conditions of pH 7.0 and 50°C., resorcinol is sulfonated in a
saturated sodium sulfite solution at a rate of 1.0% per hour.

NMK analysis of samples of resorcinol in a saturated sodium sulfite
solution refluxed at pH 7.0 showed that sodium 1,3-dihydroxy-1,3,5-
cyci~hexanetrisulfonate and sodium n-phenol sulfonate were the
sulfonai'on products formed.

Analytical Stuiles
A. Infrared Spectroscopy

Infrared absorption methods were used to study the disappearance
of resorcinol in aqueous solutions saturated with sodium sulfite. This
study was requested to provide reaction rate data as a function of ph
and temperature to assist in optimizing process conditions and to
minimize losses of resorcinol in the acidification and quenched liquor
storage stages of the resorcinol process,

The_literature /V. N. Ufimtseb, Zhur. Priktad. Khim., 20,
1199 (19%717 reports that resorcinol,in the presence of sodjum bisulfite,
is sulfonated. The sulfonation proceeds through several steps and
1,5-dihydroxy-5-(1,3-cyclohexadiene sodium sulfonate) and 2,5-dihydroxy-
2,5-(cyclohexene disodium sulfonate) have been identified as inter-
mediate products. The stable end products of the reaction are 1,3- '
dihydroxy-1,3,5-cyclohexanetrisulfonate and m-phenol sodium sulfonate.

0692939
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87.

Infrared methods were investigated to measure the resorcinol
directly in aqueous solution. Attenuated Total Reflectance
terhniques proved unsatisfactory due to the poor long term stability
of the optical bench settings which resulted in poor reproducidbility.
Direct transmission measurements of the solutions using thin cells
with Irtran-2 windows were ruled out because measurements of either
the 6.7 micron C=C ring stretching band or the 7.8 micron O-H
deformation band showed interference from irtermediate products.

An extraction method using isopropyl ether was used to isolate the
resorcinol from the reaction mixture. The resulting ether solution
was analyzed directly using conventional infrared transmission
techniques to determine the resorcinol concentration.

In the procedure used to {solate the resorcinol from the
recaction mixture, A 20.0 + 0.02 gram aliquot of the reaction mixture
was cooled to room temperature in a water bath and the pH adjusted !
to 6.0 by bubbling in sulfur dioxide (S02) and using a pH meter.

(In this study the reaction mixtures contained approximately I 4
resorcinol and were saturated with sodium sulfite.) The solutlion
was transferred to a 75 ml. separatory funnel, the beaker was rinsed
with 10 ml. of isopropyl ether and the etrer was transferrel to the
funnel. The system was shaken for 30 seronds, the phases permitted
to separate and then shaken for an additional 30 second period. The
ether laver was filtered through a cotton plug containing a layer of
anhydrous sodium sulfate into a 2% ml. volumetric flask. The water
layer was extracted in turn with a second 10 ml., portion of isopropyl
ether and finally with a 5 ml. portion of solvent. The funnel was
rinsed with a small portion of i1sopropvl ether and the rinsings were
added to the filter., The 1sopropyl ether voiume in the flask was

ac, 'sted by adding additicnsl etrer dropwise to the filter., Anhydrous
s02ium 1Tute w.n added to the {183k £nd the mixture ghaken. A
portion ¢t t*iy isopropyl ether solution was transferred to 3 2 dram
vial containirg & fresh porticn oY anhydrous sodium gulfate and
shaken. This solution was decanted and equilitrated with finely
ground sodium chloride in another 2 dram vial. Resorcinol recoveries
of 92-93%4 were obtained by this extraction ard drying procedure.

The dried isopropyl ether sclution was tranaferred to &
0.082 mm. rock 8alt infrared cell and the Infra;cd spectrum was
cttained usirg a 0.C76¢ mm. solvent compensating rell through the
region of 1C.1-10.7 microns. Measurements were made a* 10.38 micrors
and a background correction measured at 30.25 microns to determine the
resorzinol concentration. The irstrument ccr.iitions used were:

0692940
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8.

Instrument: Perkin-Elmer Model 221 Double Beam Infrared
Spectrophotometer

Optics: NaCl prism

S1it Program: 90

Attenuvator Speed: 4 seconds full scale deflection

Scanning Speed: 4 minutes/micron
Oains 4

Suppression: 0

Chart Scale: 10 ¢m./micron
Sample Cell: 0.082 mm.
Reference Cell: 0.076 mm.
Solvent: Isopropyl Ether

The resorcinol-sodium sulfite reaction was run under the
following conditions:

pH Temperature
4 70*
6 50 *
J 50, 70 and 90 )
8 50, TO ;
9 90, 103.5 (Reflux) ;
10 103.5 ~ ‘
12.5 103.5

The large excess of sodium sulfite present in the reaction
mixture does not buffer the solution. As the reaction of resorcinol
proceeds, the pH rises approximately 0.3 to 0.5 pH units when about
25% of the resorcinol has reacted.

A plot ,f the analytical data,in the form of the logarithm
of the resorrcinol concentration as & function of time for pH ranges
of 6-12.5 and temperatures of 50-103.5°C., shows that the reaction
is first order with respect to resorcinol. These plots are shown
in Pigures 1-4, Plots of the resorcinol loss as a function of
time under the conditions indicated above are shown in Pigures 5-8.

The rate constants calculated for each pH and temperature
condition studied by:

PH Temperature Rate Constant Rate Percent® i
6 50°C. 0.0180/hour 1.80/hour I
7 50°C. 0.0101 " 1.00 "

8 50°C. o.oo4y " 0.4y
7 70°C. 0.0304 ” 3.04 " :
8 70°C. 0.011% " 1.14 ° ;
7 90°C. 0.118 " 11.8 " :
9 90°C. 0.0443 4,43 " ;
9 103.5°C.(Reflux)0.141 " 4.1 "
10 103.5%¢c. " 0.0900 " 9.00 "
12.5 103.5%Cc. " 0.0017 " 0.17 "

0692941
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89.

(A) Rate Constant = k = 2,303 o
ta-ty log E:

where C, = concentration at time t;
and Cp = concentration at time tp

(B) Rate Percent = 100 k = percent resorcincl reacting per hour.

A graphical plot of the rate conatant vs. pH 18 shown in
Figure 9. The data obtained at 103.5°C. are curvilinear and
suggest the data for the lower temperatures are also actually
curvilinear with an extrapolation to a common zero point.

The data obtained under acid conditions of pH 4 at 70°C.
are somewhat confusing. After one hour under these conditions,
the resorcinol concentration is reduced about 1%. During the next
three hours the resorcinol 1s regenerated so that at the end of
four hours the resorcinol concentration is the same as the zero
time sample. If bisulfite 1s the active reactant species in this
reaction, then at pH 4,where the equilibrium should be shifted
entirely to the sulfite ion form, some other complexing mechanism
must be operating. Since vesorcinol 18 regenerated under these
conditions, the resorcinol complex must be loosely coupled.

B. NMR Spectroscopy
Analysis of NMR spectra obtained from samples of resorcinol

in saturated aqueous NsaS0Oa soluticn indicate the following trans-
formation:

Resorcinol (A) 1301, (py MS9ay (¢
il rates of theme reactions increase with increased tempera-

ture. Three samples taken from s solution under reflux -onditions
at pH 7 indicate the following approximite compositicns:

3 hr. reflux ~A50% A, 0% B
2% hr. reflux ~90% P, 104 ° .
72 hy. reflux ATCE B, 3% C

Analysis of''the NMR spectra snd relatd reference materials
indicate that (R) is sodium 3,3-2thydroxy 1,3,5 - cvclohexanetrisul-
fonate or some closely relsted material, and (?) ia sodium m-phienol
sulfonate. Intermedfate compoinds between resorcinol and (B) and

between (B) and (C) may exist. “

. . wb oy .

12/62 - B. Katlafsky, M. Dietrich, R. E. Keller
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SECTION L

Attenua tal Reflectance Infrared Stud
of Sodium Phenate and Sodium Bentenesulfonate
Introdﬁction

Conventional infrared analytical methods for laboratory and plant
process aqueous streams have dbeen limited by the intense water absorp-
tion which makes it necessary to use extremely thin cells. Problems
in pluvgging or deposits of foreign material in cells of this type in
process stream applications result in serious analytical errors. A
new infrared technique, known as Attenuvated Total Reflectance (ATR),
is based on infrared spectra obtained by surface absorption and is
independent of sample thickness. The latter feature permits design
of sampling cells of sufficient thiciness to overcome the sampling
problems associated with the normal transmittance techniques. Sodium
benzenesulfonate (NaBS) and sodium phenate solutions were investi-
gated to demonstrate the analytical feasibility of this technique,
since better control methods for these materials in phenol process
streams could result in improved phenol yields.

Summary

ATR infrared studies of aqueous solutions of sodium phenate and
sodium benzenesulfonate (NaBS) have demonstrated this technique
would bs & specific and practical method for monitoring certain
phenol process streams. Sodium phenate and NaBS in the concentration
range of 10-35% can be measured to within + 0.5% absolute. In NaBS
streams, the components NagSOe, NagS8Os, NaUH, NagCOs and sodium
phenate would introduce only negligible errors in measuring NaBS.
In 8.dium phenate streams, small corrections could be made for the
22.tribution of NaOH and NagSOs to the sodium phenate measurement.
The Connecticut Instrument Corporation ATR equipment used in this
work should be replaced by a structurally more stable unit for use
as & plant stream analyzer.

Analytical Studies

Attenuated Total Reflectance (ATR) infrared methods were investi-
gated to determine the feasibility of this technique for monitoring
aqueous NaBS (sodium benzenesulfonate) and sodium phenate process
streams in the phenol process. Excellent results obtained with
laboratory scale equipment warrants a recommendation to Dr. Fowler's
Instrumentation Group to consider construction of an instrument
using the ATR principle as a process stream analyzer.
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100.

ATR spectra were obtained using a Connecticut Instrument Corpora-
tion Model ATR-1 attachment on a Perkin-Elmer Model 221 Infrared
Spectrophotometer. Silver chloride, silicon and Irtran-2 (Eastman
Kodak) prisms were investigated.

A silver chloride prism was used first, since this was available
as & component of the basic ATR-1 kit. NaBS gave no difficulty,
but sodium phenate reacted with the silver chloride, leaving a
deposit on the back face of the prism. A hemi-cylinder made from
zone refined silicon in which the diametrical face acts as the
reflecting surface was obtained by Dr. Fowler from the Inorganic
Division. Surface oxidation on the exposed faces of the silicon
resulted in intense absorption bands in the regions of interest for
NaBS and sodium phenate making this cptical miterial unusable for
this application. Eastman Kodak's Irtran-2 optical materinal 1s
infrared transparent in the regions of intereat an4 is relatively
unaffected by caustic materials. Two Irtran-2 prisms were obtained
from the Connecticut Instrument Corporation and have been used with-
out any adverse effects in this study.

The angle of incidence relative to the reflecting face of the
prism was found to have a large effect on the intensity of the
absorption bands observed. The rands tecame more intense 88 the
angle of incidence becamenr~ ler and an angle of #0%, th( ~irtmum
angle that can te set up witn the ATR-1 unit, was usel.

The phenol process streams of interes* have ‘he following
typical compositions:

Pro~eas Stresm

LUF nans 54% NaBS Pherate Slurry

Tewnperature 95°* 100° 120°
Component, £ £ hd

Water kg 78 44 52 26.30
NaBS 44 .68 51.50 .23
Sodium phenate 0.06 - - £9.90
Sodjum sulfite 0.4] C.55% 34,82
Sodium sulfate v, 5] 2.65 2.76
Sodium chloride 0.0% 0.07 1.54
Sodtum hydroxide c.15 0.23 ’ 3.80
Sodium carbonate 0.06 0.08 0.41
Diphenyl sulfone 0.2% 0.3  aeea-
Na dibenzenesulfonate 0 06 0.06 @ eea--
Na dihydroxybenzene = =  ----- “eee- 0.05
Na o phenylpherol = ---.. —.. .03
Tars esee eees 0.10
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Since no provision is made for thermostating the ATR-1 unit or
the liquid ATR cells, the laboratory studies were made at room tem-
perature. Solubility limitations at room temperature lowered the
concentration ranges in which NaBS and sodium sulfite could be
studied. Water solutions in the following concentration ranges
were prepared for the principle components in these streams:

NaBS
Sodium phenate
Sodjum sulfite

Sodium sulfate
Sodium hydroxide
Sodium carbonate

Two ATR units were set up to permit running the spectra of the
solutions against water in the reference unit to compensate the water
absorption. The ATR spectrum of water is shown in Figure 1 of
Progress Report 2-02-760.01-4285, No. 16.
infrared spectrophotometer parameters were used in this study:

ATR prism

Angle of incidence
Solvent
Compensator

Sl1it program
Scanning speed
Chart scale

IR instrument

Spectral Results

0.2-1%

101.

10-35% '

10-35¢ -

10-20
1-5
1-8%

The following ATR and

Irtran-2

»*

Water

Water

980

1 minute/micron

10 cm./micron
Perkin-Elmer Model 221

.« Sodium Phenate

ATR absorption bands are found at 6.77 microns for the pheny.
ring and at 7.90 microns for the Ar-0O stretching absorption. Either
band 1s suitable for analytical purposes. However, serious errors
due to the presence of sodium sulfite would be introduced to measure-
ments made at 6.77 microns while at 7.90 these effects would be small.
Figure 1 shows the superimposed spectra of a series of aqueous solu-
tions of sodium phenate. Pigure 2 is a plot of the optical density
at 7.90 microns for these solutions versus the sodium phenate con-
centration (ali measurements are made relative to the water blank at
this wave). A linear function 18 obtained showing that Beer's Law

is obeyed at this wavelength.

0692954
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2. NaBS

ATR absorption bands are found at 8.52 microns for the sul-
fonate group and at 8.90 microns for what is probably due to a
vibration of the aromatic ring. Either band could be used to set
up an analytical method, but in this system the presence of sodium
sulfate would produce serlous errors in measurements made at 8.9
microns. The interference due to the sulfate would be small for
the 8.52 micron band. Figure 3 shows the superimposed spectra of
a series of aqueous solutions of NaBS. Figure 4 is a plot of the
optical density of the 8.52 micron band versus the concentration of
NaBS (all measurements are relative to the water blank at this
wavelength). A linear function 18 obtained showing that Beer's Law
18 obeyed at this wavelength.

3. Sodium Sulfate and Sodium Sulfite

Pigures 5 and 6 sho«s the superimposed spectra of a series
| of aqueous solutions containing 1-5% sodium sulfate and 10-20%

‘\i sodium sulfite. At the analytical wavelengths (7.90 and 8.52

\”n microns), it can be seen that interference errors would be small.

i ; 4. Sodium Hydroxide and Sodium Carbcrate

! Pigure 7 shows the spectra of 7.8% sodium hydroxide and i¥

: sodium carbonate in the spectral region of tnterest. Sodium hydroxide
produces no finite absorption band but merely depresses the background.
Its presence would have about equal effect at 7.90 or 8.52 microns.
Sodium carbonate produces an abscrption band peaking at 7.25 microns
; which tapers off to a point where 1ts presence would introduce only a
' 8light error in measuremcntg at the two analytical wavelengths.

i From the ATR spectrs of sodium phenate and NaBRS obtained under
labsratory condirions, 1% can be seen that both materials could be
easily measured to + 0.5% abaclute. Calculstions were made ‘to deter-
mine the approximate error that would be introduced by the presence
of sodium sulfate, sodium suifite, aodium rhydroxide and solium
carbonate at the concentration levels present in a .typical stream
in the measurement. of soiium phenate and NaBS. The results are:

NaBS Measured_at 8.52 p
| 44% NaBS Stresm
' 0.4% sodium sulfite 18 equivalent to 0.006% NaRS
0.2% sodium rydroxide 1ia equivalent to 0.06% NaBS

0.06% sodsum cartonate 18 equivalent to 0.02% NaB3
0.06% so'tum prenate 18 eQqifvalent to 0.01% NaBES

0692955
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S4% NaBS Stream [J

0.6% sodium sulfite is equivalent to 0.01% NaBS
0.2% sodium hydroxide 1s equivalent to 0.06% NaBS
0.08% sodium carbonate is equivalent to 0.03% NaBS
2.7% osodium sulfate - negligible contribution

Sodium Phenate Measured at 7. Microns

Phenste Slurry

34.8% sodium sulfite is equivalent to 0.5% phenate
3.8% sodium hydroxide 1is equivalent to 1.0% phenate
0.4% sodium carbonate 1s equivalent to 0.1% phenate
2.8% sodium sulfate - negligible contribution
0.2% NaBS - negligible contribution

These calculations, even if the approximations were in
error by a factor of 2, show that a NaBS stream analysis by an ATR
method would not be affected by the presence of the other compo-
nents in the system, Corrections would be necessary in a phenate
slurry stream to correct for errors introduced by the presence of
sodium hydroxide and sodium sulfite.

The results obtained in this investigation indicate that
ATR infrared methods are feasible for the analysis of NaB3 and
sodium phenate streams in the phenol process. Presently availabie
commercial equipment, however, would not be practical for long term
use unless frequent calibration checks were made. The optical bench
and the optical mounts of the ATR-1 unit from Connecticut Instrument
Crrporation are not sturdy enough for long term stability. The
fasign and construction of & more rugged ATR unit shoula be inves-
tigated for application as & plant stream analyzer.

8/62 - B. Katlafsky, R. E, Keller
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Thin Layer Chromatography - Evaluation

Introduction and Summary

Thin layer chromatography (TLC) involving the use of an adsor-
' bent spread in a thin layer on a glass plate has been given a
preliminary evaluation. Results obtained with silicic acid as the
adsorbent show that mixtures of resorcinol, pyrocatechol, phenol,
N hydroquinone and phloroglucinol can be separated into components
/ and i1dentified within 45 minutes using 10% n-butanol in benzene
as the eluant. Semi-quantitative estimations can be made by visual
inspection. The prime advantages over paper chromatography appear
: to be speed and increased resolution. Water content of the adsor-
4 bent 1s a significant variable that must be controlled. As with

paper chromatography, accurate quantitative measurements may prove
to be difficult.

Analytical Studies

The thin films on glass plates used for TLC may be prepared with
a number of supports including silica gel G, aluminum oxide, Kieselguhr
G and cellulose powder. The films for this work were prepared with
the "Desaga" apparatus designed by Stahl. The samples are applied
to the film with a Hamilton microliter syringe with sample volume
ranging from 1 to 20 microliters.

i The chromatographic separation Js ceperdent upon the amount of
mcisture in the {i1m and upon the mobile solvent used. In the work
with resorcinol, dry plates produced poor sepsration and tailing.
The freshly prepared wet plates were put in a desiccator containing
a dish of water to control the moisture. This technique will keep
: the f1lm sufficiently wet for a few days. As in paper chromatography,
the selection of a suitable solvent 18 based on knowledge of solu-
bilitles, partition coefficients and fina)ly by trial and error.
in the case of resorcinol, 5% n-butanol in benzene (vol./vol.)was
us=1 for our paper chromatography work. The amount of n-butanol was
varied and it was found that 10% n-butanol in benzene gave the test
separations using the silica gel TLC scheme.

o

The sepsrated components were detected by color development with
a coupling agent (2~nttrobenzene diazonium fluoroborate) followed
' by alcoholic potassium hydroxide.

\ The TLC chromatograms are difficult to keep and are somewhat fragile.
; A solution to thias problem is the transferral of the chromatogram to

paper with a Xerox 914 copler. Plgure I shows a Xerox copy of a
chromatogram of individual compcnerts and an equal mixture of the
resorcinol and related components.
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The TLC procedure reguires about 45 minutes total elapsed time
per chromatogram as compared with 3-4 hours per paper chromatogram.
The sensitivity appears greater than that obtainable using paper.

Preliminary work on qQquantitative measurements shows that the
jroblems common to paper chromatograms also exist with TLC schemes.
Removal of the spot can be accomplished easily with a razor blade.
Elution of the component can be made with a suitable solvent for
subsequent ultraviolet analysis or similar measurement. However,
the microgram quantities normally separated make 1t necessary to use
very sensitive methods for measurement. Work at higher concentration
levels showed that bands instead of spots could be separated with
the purpose of producing larger concentrations of separated compo-
nents. Area measurements for quantitative detcrminations apparently
can be carried out with adbout the same accuracy obtainadble with
paper chromatography. No specific area measurements were carried
out as a part of this study.

Work 1s underway on determining the feasibility of infrared attenu-
ated total reflectance as a means of identifying separated components
directly on the silica gel.

12/62 -~ O. Hicks, R. E. Keller
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Figure 1

TLC Chromatorram for Reroreinol
and .lelated components

(copied with Zerox 914 copler)

SOLVENT - 10% Butyl Alcohol in Benzene

CARRIER ~ Silica Gel G
Preparation - 1 part silica gel/2 parts water
film prepared anc fheld 1 hour at room tempera
conditions.

DEVELOPMENT TIVME - 30 lilnutes

SPOT DEVELOPMENT - p-Nitrobenzene diazonium fluoroborate

y alconolic KOH.
r3

(; :>;‘

CCUPIIIANTS

1
2
7
2
L

Resoreinol, 500Y 4in 10 microliters acetone.
Phloroglucinol, 500 Y in 10 microliters acetone.
Pyrocatechol, ! v " "

Hydreoquinone,
Prenol,

Zgual mixture
of 1, 2, 3,
4 and 5,
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SECTION N
Evaluation of Tricosane Oxidation Study
by Infrared Analysis N
Introduction

Basic structure data were needed to assiet in the selection of
an oxidation inhibitor for Tricosane. Arrangements were made to
examine &8 Cqo alkane that had been analyzed in the laboratory
using the Dornte apparatus by a differential infrared absorption
procedure.

Summary

Irfrared data were collected from five Dornte oxidation runs.
The samples were analyzed as capillary f1lms in 0.2 mm. cells
using the starting material for compensation. Samples were taken
periodically during the laboratory run until the infrared absorp-
tion went off-scale. Optical densities were plotted graphically
for five wavelength positions representative of the functional
groups formed during the oxidation. The family of curves show
that the various functions form at somewhat independent rates.
Saturated ketones increase at & fairly steady rate. Alcohols rise
rapidly initially. Type 1II olefins rapidly reach a maximum and
eventually attenuate to a small fraction of the peak value.

Analytical Studies

Ketone, alcohol and the olefin, RRC=CHaz, form immediately and
become the dominant structures early in “he oxidation. Near the
peak of olefin production a wide variety of oxidized products
appear and esters become significant. There 18 no evidence for
conjugated ketones or aldehydes. Infrared does not provide good
evidence for peroxides. None are evident. Eventually a wide
variety of carbonyls appear. Unsaturation occurs almost entirely
in the Type II1I form, plus a minor amount of trans olefin.

One gas sample from the lahoratory oxidation run was analyzed.
The carbon monoxide content of the gas collected from the
apparatus was six times as great as the carbon dioxide content.
Methane, ethylene and propylene each amounted %0 about one tenth
the carbon dioxide content. An unknown alcohol of more than three
carbons appeared in trace qQuantity.

0692967
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Table of Wavelengths Studiel

Punction ¥Wavelength Structure

«0-H 2.93 microns Alcohol hydroxyl

-C=0 5.82 Saturate ketone and
ester carbonyl

-C-0 8.62 Ester C-0

-C~0 9.%0 Alcohol and ether C-0

=C-H 11.30 Tvpe III olefin

12/62 ~ 0. Kinast, R. E. Keller
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SECTION O

Vanadium Oxide Components in Catalyst Mixtures

Introduction

Vanadium can form in addition to Ve0s, V20, and Vp0s other
lesser known oxides with empirical formulas that are intermediate
between Vp0s and Va0, and VeO4 and Ve0Os. X-ray diffraction data
indicate the possibility of six oxides between VpOs and VpO, and
one between Vpo04 And VpOs. Since these intermediate oxide compounds
could be present in conventional vanadium oxide catalyst mixtures,
methods for detecting and identifying these species would be helpful.
In addition, characterization and correlation of composition with
activity would be useful in the design of better catalysts. An
infrared study was initiated to elucidate the chemical bondiny, in
a series of intermediate oxides,.

Summary

Infrared solid state spectra were obtained for Ve0Os, V204 and
VaOs dispersed ‘in KBr in the 2-35 micron region. Subsequent studies
show that radical spectral differences exist for prepared inter-
molecular complexes including VsOs.s, VaOs.ss, VeOs.s, V20Os.s,
VgOs.e a&nd VeO4.349. This work corroborated X-ray diffraction
data and indicates new chemical compounds are produced in the
systems VpOs-Ve04 And Va0,-Ve0s after heating.

Analytical Studies

Vanadium is known to form,in addition to the common oxides
VeOs, V204 and Va20s, a serles of intermediate or suboxides on
heating the systems:

n VeOs + m Vp04
or n VaCqe + m VpOu

where n and m are intergers. Since these suboxides have catalytical
application potentials, an infrared study was initiated to detect
and characterizes these oxides.

The oxide systems studled were prepared by Dr. R. H. Munch and
included:

VoOs ’
VaO4.s (VaO4 + Va0Os = Vi Oy}
V204q.33 (2VaNe + VgOs = V033
VeOq.3 (7VaOs + 3VaOs = Vao0Oes)
V204.2 (8Vy04 + Vp0s = V3002,
VaO¢ 2 (9V204 + V05 = Va004,)
Va0

0692969
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VaOs.p {VaOs + OVy04 = Vloosog
V20s.s gvaos + 4Vp04 = V,0010

V20s.7 (3Ve03 + TVeO4 = Vpo0Osy)
V2Os.e7 (VaOs + 2Vp04 = Vg01,)

V20s.e (2VeOs + 3V204 = V300,4)
V2Os.s (VgOs + Va04 = V407)
V20s3.q (3VaOs + 2Va04 = V300;7)

Va0s.ss (2VaOs + V204 = VaOio)

VeOs.s (7VeOs + 3Va04 = VpoOss)
V20s.3 (4Va0s + VoO4 = V;oo;.)
V20s.1 (9VaOs + VaO4 = Vgo0s, )

VaOs

The infrared spectra were obtained in the 2-35 micron region
for the oxides dispersed in KBr (potassium bromide) and pressed
into thin discs. The most significant data were obtained in the
rock salt region (2-15 microns). The infrared absorption data
observed in this region for the vanadium oxide systems are repre-
sented in bar graph form in Pigures I and II.

A. V04-V20s System (Pigure 1)

Vanadium pentoxide (Vp0s) has a very intense, clearly defined
absorption spectrum with absorption bands at 9.80 and 12.30 microns.
The tetroxide (VsO4) shows a very weak, broad band at about 9.6
microns and a slightly stronger band at about 15 microns. The
infrared spectra of the oxides obtained having the empirical formu-
lae VapOq.a, VeO4.3, VaOq.2 and VeO4.; indicate that these materials
are mixtures of Vy04 and VgOs. The spectrum obtained for the
material having the empirical formula VaOq.3s shows radical changes
compared to those of V304 and Vy0as. Two weak tands of approximately
the same intensity appear at 8.65 and 8.90 micrcns and a stronger
band at 11.24 witih a shoulder at 11.70 microns are observed. No
absorption is found at 9.80 or 12.30 microns, indicating that no
V20s 18 present. This spectral evidence supports X-ray diffraction
data that the vanadium oxide having the empirical formula VeOq.3s 18
a new chemical entity. ’

B. Vg0a-Vy0, System {Figure 11)

Vanadium trioxide {Vy0s) 18 practs ally opaque throughout
the spectral region studied and shows cnly 3an extremely weak absorp-
tion band at about 10 microns. The tetroxide (Va0¢),a8 noted before,
has a weak band at about 15 microns and a very weak, broad band
peaxing at about 9.6 microna. The molecular complexes corresponding
to the empirical formuls~ of VgOs.e, V20a.;, VeOs.e7, Vp0O0s.s, V20s.2
and VpOs.; produce infrared spectra that are devoid of character,
indicating that these are merely mixtures of the V305 and Va0, enti-
ties. The species V30s.a, V50s.s 8and V,03.4 have a medium Intensity

0692970
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band at 10.05 microns and Vs0s.s has a strong band at 14.0 microns.
Absorption at these wavelengths is absent in both VeOs and VaO4
indicating that these four entities are new chemical compounds.
This data supports the conclusion drawn from X-ray defraction data
for these materials. The species corresponding to the empirical
formula Vp0Os.ss has infrared absorption bands at both 10.05 and
14.0 microns. Although the spectral data can be interpreted either
as indicating a new chemical entity or to indicate a mixture of

the Vg0s.s and VaO0s.¢ species, X-ray diffraction data clearly
indicate that VpOs.ss 18 a new chemical compound.

The appearance of an absorption band in the 10 micron
region in the VpOy.g, VeOs.e, VpOs.q and VeOs.ss species is
interpreted as indicating that these suboxides have some V=0
bonding. This conclusion is based on data compiled in the
reference text:

G. Herzberg, "Spectra of Diatomic Molecules”, 2nd
edition, pp. 501-581 (Van Nostrand, New York, 1950)

In this compilation, spectral data observed for the electronic
states of diatomic molecules are used to calculate the vibrational
constants for the system. These constants can be used in turn to
calculate the vibrational frequency (infrared absorption} of the
system. This frequency is conventionally reported in terms of
reciprocal centimeters, cm. (cm. = 10* x the reciprocal of the
wavelength in microns). The vibrational frequency calculated for
the M=0 entity of vanadium and its neighbors in the first row of
transition elements in the perfodic table are:

M (=0) Frequency in cm.”}
Se 96U
T1 1004
v 1003
Cr 886
Mn 331
Fe 870
Co No data
N1 No data

The observed infrared data for V;Os and the suboxides
VaOs.33, VaOs.33, VeOs.e, V20Os.e and V203.4 are:

Oxide Prequency in em, !
VgOs 1021

V204.33 1123, 1156
V20s3.3s 995

Va0s3.4 995

Va0Osy .0 995

Va0s.» 995

0692971
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The close agreement between the observed infrared absorption
frequency and the calculated frequency for the V«0 vibration 1is
interpreted to indicate that the suboxides VzOq.ss, Va0s.ss, Vs0s.s,
VgOs.e &nd Va0s.q contain some V=0 bonds.

This infrared study has confirmed X-ray diffraction data
that a minimum of five suboxides can be obtained by heating stoichio-
metric quantities of Vy0s and V04 and one between Vp0O4 &nd VeOs.

The observed infrared data have been interp-eted to indicate the

presence of V=0 bonding in five of these suboxides. PFurther work
would be required with known oxide systems to fully characterize

the oxygen bridge bond in the vanadium oxides.

12/62 - B. Katlafsky, R. E. Keller
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