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NTRODUCTICN

Special investigations were carriel cut by the Analytical Chemistry
and Spectrosropy Croup durirng 1662 to support Organic Research Depart-
rent and¢ Manufacturing Lepartment projects, The studles also inclujed
certain projects l1isted in the Septemder 29, 1961 PA ('nolasaified
Anal. Chem. - Saj).

SUMMARY

-

Fifteen analytical studies covering Orgarie Division products
were carried out to provide information reeied for Research Department
and Manufacturing Department projfects. Chemical And instrumental
techniques were .:ed to:

show Arcoclor 1242 product variations
. chsracterize the structure of substituted benzimidazolines
. #valuste RBlolite undier use situatin-s

show the composition of ditutyl phenyl phosphate resaction
products

identify irhibitors in competitive funstioral fluilds
measure methy]l Jacta‘s in process reartion mixtures
stow the crystal form and tiznsivien cf pentachlorophenol

idertity contsminanta in p-rheneti1ipe

- measura reactinn vatea of resorcirsl in scdium sulfite solutier
. show the oridation prodnzts forp«t from tricosane
show tre compeonents 'n vansdl e oxtde 2atalyst mixtures
evaluate 80 Jnfotroricp 7TRS.1 yntegrator for NMR

Bet up an ANMIYt1I~ei s~here Tor 1dentitiontion ant measurement
of plaaticizers aré ~‘ner high tullrng esters

2emnnatrate the potertial wtility Af irfrgred Attentuated Tota]
Reflectance a8 a7 irstream monitoring device tor sodiuvm pherate
and pofium tenzenes:lioate

demoratrate vhin layer ! cepalogoarhy techniques,
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SECTION A
AROCLOR 1242 PRODUCT VARIATION - INFRARED
AND GAS CHROMATOQRAPHY STUDY
Introduction

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

The study was initiated to determine 1f abnormal variations were
present and, {f 80, the cause of the difference. IR and OLPC are
complementary techniques for such a study, since IR can detect gross
isomeric distribution differences and OLPC can identify 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 varjations 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 QLPC 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-145 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 GLPC analvsis was cerried cut using
a 150' x 0.020" stainless steel capillary column coated with siflicone
gum rubber and a flame lonization detector.

A critical comparison of the IR spectra showed primarily tre minor
random variations expected for small differences in jisomer distritution,
However, in the region of 14.3 to 14.4 microns, two weak absorption
bands were observed whose intensities varied 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
te amplify the difference., Examination of the spectra in the region
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3.

of 14.3=14.4 microns shows that the intennlty of the avsorption bands
at these wavelengths increases sharply from lot D-122 to D-145. The
absorption reaches a maximum in lot D=142, then tapers off 1n lots
D-154% and D-185. The maximum variance observed betwe2n lots D-127
and D-152 was 30% in terms of optical absorption units.

The GLPC data for the five samples shows the random variat.ons
of isomers also detected by IR. No variations in a single component
was observed that could explaln the difference found in the 1R
spectra, The OLPC data is tabulated in Table I. Where possible,
the GLPC fraction has been identified as a particular i1somer on
the basis of retention time.

Despite the fact that the positive ldentification of the com-
ponents involved in the observed periodic variation in the IR
spectra could not be made, structural characteristicn 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 f1t the
following general classes:

- Type I Cl

o
T S e
Type IV o C \C—-}// 1y

Of these four general classes of chlorine distribution patterns,
only Types I and II (the monosubatituted aromatics and the ortho
disubstituted aromatics) produce absorpticn bands in the 14.3-14.4
micron region. Although it is possible to detect and differentliae
the Types I and II materials in other reglons of the IR spectra,
interferences and overlapping of bands prevents this ¥n the bulk
sample.
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In order to resolve this problea 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 B.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
QLPC data is tabulated in Table 1I.

A combination of IR and OLPC 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'-dichlorobiphenyls.

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#u Residue
Praction/Component Mat'l 1.96 1.7 2.24 2.5% 91.6%
1 Biphenyl 0.3% B.68§ 0.8% traoce trace 0
2 orghony 1.9 29.7 26.0 7.1 1.3% )
3} meta 0.6 6.5 7.3 5.9 4.1 trace
4 para
5 2,21 5.2 36.8 43.0 k1.3 36.0 0.2
2,5 1.0 2.8 3.4 5.6 6.6 0.2
T{2,% or &,3 or
34 1.9 2.9 4,2 6.9 9.2 0.9
8 2,1 10.3 11.5 1k.1  27.4 35.0 5.7
9((}i5 or 3,31) 0.6 0.3 0.3 i.1 1.5 0.5
10(3,4 or 2,5,21) 9.4 3.5 w.i 9.9
11 4,4 5.2 2 0.8 E 10 58 1.2 6.6
12 0.3 0 o! 0.1 5.1 0.5
13 2,3,2} 5.1 trace +trace 0.3 .l 6.1
14
15; 1.5 0 0 2.1
igg 2,5,43 13.7 trace trace 1iT.6
18 3,4,2 6.0 7.7
19 2,34 2.7 2.1
20 0.6 0.7
21 .
22% 3.6 4.5
23 2.4 3.1
24 1.7 2.0
2H 3.3 4.1
26 3'“'1‘1 )-1 3.8
2 3.1 3.8
gé 8.? 0.7
30 0.1 {0.1
31
32 k.9 6.1
>3 3.7 4.5
DSW 167064

STLCOPCB4041222



Table II (conttd)

Starting F#l F#2 F# F#Y Resldue
Fraction/Component Material

34 0.2 0.2
)5 2'6 }cl
36 0.3 0.2
2 0.7 0.6
) 0.5 0.3
39 0.1 trace
40 0.3 0.3
41 0.5 0.4
“2 0-3 0-2
43 1.1 1.0
&4 0.1 0.1
48 0.3 0.5
52 0.3 »

* instrument shut down before thls peak was eluted from the column.
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SECTION B
NMR _STUDY OF SUBSTITUTED BENZIMIDAZOLINONES

Introduction

Rcsearch to define the scope and limitation of 3,4,4'-trichloro-
carbanilide (TCC) as a soap bacteriostat has established that TCC
loses 1ts bacterioatat!c activity when used in conjunction with
hypochlorite bleach. A chemical study of the action of hypochlorite
on TCC ifndicated that this loss of bacteriostatic activity was due
to the conversion of TCC to a trichlorinated l-phenyl-2-benzimida-
zolinone which 18 bilologically 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 Bpectra 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¢-0
c1 N

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

N
~N
N//C Q

c1
Cl

C1

DSW 167067
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Annlxtical Studles

A. preparation of Benzimidazolinones

The beniimazolinones desoribed abouve we
the following reactions

re prepared by

.g 3 Mgles H
OO 0k
_ (1) : ‘
(11) ~
8. 3 Moles C=0
NH-C-~ 0C1l )
cr Cls
cY 11) ¢
I11
(1V)

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

The benzimidazole derivativestof II and IV were prepared by
the following reactions -

C1- SN~
(11) ECHEco).o , Rl /,N’C'OAC
: allz~
Y
‘ ~N~o_OAC

(1v) Ecuico;ho . N~
o fj\w
c '
’\Ji\/ (v1)
p. NMR Measurements

_—_—-—-———_"‘_"‘-

All measurements were made on 0.50 M solutions in dimethyl
acetamide unless otherwlise state. Chemical shifts are
reported relative to (CHs)4S4 (TMS) defined as §=10°({Houg~H

1.0, S&HS-O. Peak area measurements, not reported, we és

DSW 167068
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12.

+ made on all compound and reference peaks with a Varlan
© 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. A8 is shown the peaks due to the
two rings 1ln the l-phenyl-2-benzimidazolinone are well
separated. Unless complicated by apin-spin interactions,
this should also be true for the chlorinated compounds
in question. The acetate derivative displays a well
separated peak for proton C, that nearest the introduced

unsaturation.
TABLE 1
NMR Data from Reference Compounds
Chemical Shilt (ppm]
Compounds a b [ J {eps)

A

Cld\vm{n 7.05 6.57 JAB =- 8.7
*

'010 -NH-OCI 710 Jap = 9.0

c He .81 6.8  T.11 | 5,p = 8.5, Jpg = E.5

=0 [ 38:0)

nz Zx

*Indicates the average peak displacement; 1in all cases but peax (A)
of the last reference - a single narrow peak is observed.
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1 Table 1 (cont'a.)

g NMR Data from Reference Compounds

Compounds Chemical Shift (ppm) J {ops)
{ a b [+
{

H
O&c.o 5.8
C1 Ih{"

S 2 s i e ety e

| S 6.81
51 ’@K

' C1 N

{ H

~ H

N

l:'-i B

n

\ —-N\

I Y I e %R T 8.01
R A\_

J )
‘* B
i
o
}
il
DSW 167070
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D. Proof of Structure of (II1) -0
Cl

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

Figure A)I. Aromatic proton spectrum of (II)

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

assigned to the benzimidazolinone ring and the lower

fleld peak 48 assigned to the phenyl ring. Area
measurements of these peaks show 3.0 protons to 5.0 protons.
This shows positively that the single chlorine atom is on
the benzimazolinone ring. However, because of uncertaln
Bpin~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 1s asslgned to phenyl ring protons,
The areas of peaks 4,5, and 7 ares 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 48 assigned as indicated
because of the large shift to lower {ield observed when
unsaturation is introduced one atom removed from this

position.
This then allows an unambiguous assignment of structure (II)
as l-phenyl-6-chloro-2«benzimidazolinone. H

M\C"O

’N/

€l
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E. Proof of Structure of (IV)

As in Structure (11) the problem fe to ass.gn the position
of the 3 chlurine atoms in the twoerirg syntem. The nature
of the reaction 1is 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)

Four peaks of varying area are seen in this spectra. Based
on their absorption positions the high field peak 16
assigned to the benzimida:zolinone ring; the remalning

peaks are assigned to the phenyl ring. Area measurements

of these peaks indicate one chlorine atom/benzimidazolinone
ring and two chlorine atoms/phenyl ring. No dectalled
analysis &a to substitution positions was attempted.

Figure D) Aromatic proton spectrum of (VI)

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

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

this interpretation.

F. Solvent Effects

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

chemical shift of o, m, and p protons to te expected in
various solvents. Since a strong interaction between sclvent
and the N atoms 18 likely as well as betxeen the aromacic

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

Spectra of 1V and VI in several solvens were obtained.
Solvent effects on the observed spectra were observed. The
spectrum of VI in dioxane gave the best resolved apectrunm;
this spectrum 1s shown as Flgure E.

DSW 167072
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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 denzimidazole ring
while the remaining peaks are due to the phenyl ring protons.
Determination of protons/peak by integration and obsfrvation
of repetitive peak ssparations, indicating spin-spin
coupling, phows that each ring exhibita a first order
spectrum. The interpretation of this spectrum is indicated.

Calculations using the observed chemleal shifts and coupling
constants indicates the peak intensities in the phenyl
ring spectrum are as predicted.

This allows an unambiguous anmsignment of Structure 1V
as 1-(3,4-dichlorophenyl '-6-¢hloro-2-benzimidazolinone.

. .
N_

c1 /9-0

1

6/62 - R. E. Keller, M. W. Dietrich
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SECTION C

BIOLITE ANALYTICAL INVESTIOATIONS

Introduction

Basic¢ data were needed to define the scope and limitations of
Biclite as a bacteriostiat. This study covered the following problems:

1. Development of w.ethod for ppm pentachlorophenol and/or Bilolite
on cloth.

2. Stability studies -

e s

. S

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

f—
o

Retention studies -

a. Biolite on cloth from Terg-O-Tonreter washes.
b. Biolite on c¢loth from full scale washing machine washes.

B 4. Miscellaneous studies -

a, Effect of sterilization of cloth on Blolite analyses.
b. Stability of Blolite-detergent-water at 140°F.

¢. Determination of Blolite by reduction with sodium biphenyl
and measvrement of the liberated chloride.

i Summary

3 1. A method has been developed for the determination of pcnta-
-% chlorophenol and/or Biollte (2-chloroethyl pentachlorophenyl car-

. bonate used as a bacteriostat-fungistat) on cloth. The method is

: based on the hydrolysis of Biolite to pentachlorophenol followed

s by extraction with chloroform and measurement by ultraviolet absorp-
‘} tion in alkaline aqueous sclution. The method sensitivity 13 a few

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

2. Stability tests run at 80°F. in the humidity cabinet 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.

DSW 167079
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Accelerated stabllity 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 Blolite 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 shhwed approximately the same
decomposition for an experimental phenyl pentachlorophenyl carbonate
as for Biolite.

3. The Terg-0-Tometer which is used to cdetermine the effective-
ness of various detergents in laundering was used {0 evaluate Biolite
in the detergents. Cloth laundered in the Terg-O-Tometer and air
dried contained approximately 17 ppm Blolite while the samples washed
in an automatic washer and dried in a commercial drier contained 100
to 140 ppm Bilolite. Cioth washed in 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 Blolite
on the cloth. These findings 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 Biolite.

Three full scale washer experiments resulted in the folliowing
conclnsions:

(1) Less than 8 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 Blolite present.

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

(3) Upon sterilization, the pentachlorophenol increases irn
the washed and dried samples to £0 ppm. About 70% of the Biolite
is hydrolyzed. This shows that the blological 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 alr dried samples 18 not known.
Analytical method error and/or difficulties in sampling due to the
non-uniform distribution of the Biolite may account for this.
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4. Analyses show that sterilization does not change the recovery §§
of known amounts of Blolite added to cloth. gg

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

)

kb A

-2l

The reduction of Biolite with sodium biphenyl and titration
of the resulting chlorides with atandard 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.

ey

oy

Analytical Studies

1. Development of Method for ppm Pentachlorophenol and/or
Bioiite on Cloth

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 wnsuccessful dve tv emulsalons,

Extraction of the pentachlorophenol from the cloth with chloro-
form in the presence of water eliminates most of the above difficulties.
Quantitative extraction i3 slow because 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 18 found 1n the chloroform layer Bo that

if a known amount of chloroform has been added, quantitative analysis
can be made on a measured aiiquot. Blolite does not interfere 1f

the solution 18 acid. The chloroform solution 1s washed with 10 ml.
0.1 N sodium hydroxide and the ultravioclet atsorpticn of the aqucous
alkaline phase is measured at 320 mu.

Por the determination of Biolite and pentachlorophenol, the
cloth 48 moistered with 0.1 N 50% methanol-Hz20-sodium hydroxide.
After standing a few minutes, the hydrolyzed sample 18 acldifled
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 be within + 10%.

The method i8 as follows:
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METHOD NO, 62-4

Determination of Biolite and/or Pentachlorophenol on Cloth

Method f 2

SCOPE

The method is designed to determine 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 is 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 1s measured

at 320 my where sodium pentachiorophenate has maximum absorption.
Biolite does not interfere.

The cloth 18 moistened with alcoholic sodium hydroxide and the
Biolite 1s decomposed instantly to pentachlorophenol. The total
pentachlorophenol is determined. The Biolite 18 the difference

between the total pentachlorophenol and the pentachlorophenocl 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
- 12% ml. Scparatory Funnels
gary Recording Spectrophotometer 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
{pg. 2)

PROCEDURE

A. Pentachlorophenol

1. Take a 5.0 g. sample of cloth and cut into suitable 8iz?
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 hydrochlorile
acid.

3. Add, by pipette, 25 ml. of chloroform and shake vigorously
for 30 seconds or until cloth is 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 ald 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 chleroform layer into a clean dry 25 ml.

o-aduate 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 sodium hydroxide (sol'n. No. 1)
into a third 125 ml. clean dry separatory funnecl.

10. Transfer the chloroform from the graduate qQuantitatively, with
the aid of a little chloroform, to the lst 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 funnei.

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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15.

16.

17.
18.

19.
20.

21.

22.

METHOD NO. 62-k
(pg. 2}

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

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

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

Discard the chloroform layer from the alkaline funnel.

Tranafer the chloroform from the second wash funnel to the
third funnel containing the alkali.

Shakxe for 15 seconds, and discard the chloroform.

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 mlnutes or until all the chloroform has
been removed (odor).

Pour the solution into a 2 c¢m. cell and measure the absorp-
tion in the range of 400 to 220 mp using distilled water in
the reference.

Draw in the background which is a straight line extension of
the curve from 400 to 350 mu. The absorbance measured at the
maximum of 320 mu is corrected for the background from the
curve at this waveiength and the difference used in calcu-
lating the results.

Biclite and Pentachlorophenol - Total

1.

Take approximately a 5 gram sarple of cloth, weighed to the
nearest 0.1 gram, cut into sultable size plieces or strips
and place in a c¢lean dry 8 oz. tottle.

Add 10 ml. of 0.1 N sodium hydrcxide in 50% methanol-water
mixture {8ol'n. No. 2;. Stir the cloth around with a
stalnless steel spatula to make certaln that the cloth is
thoroughly wet with the alcoholic sodium hydroxide solutiorn.

Rinse off the spatula with watcr using a to:al volume of
150 ml. Add 1 drop methyl oranze indicator solution.

Add approximately €-10 drogs l-1 hydrochloric acid soluticn

and shake. The indlcator snculd te red, showing the soluticn
i8 acid.

Proceed with tne anaiysis stariing with Procedure A, Penta-
chlorophenol, # 3.
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METHOD NO. 62-4

{pg. &)
CALCULATIONS
ppm pentachlorophenol =
Vol. of Chloroform

(0. D. at 320 - Sol'n. Extracted Vol.of 0.1 N NaOH
0.D. at 320 of background) x 25 x Taken in ml. x 104
TAbsorption coelTiclen of x Tell length x Wt ample 1
pentachlorophenol at 320 mp) in cm. - sémple ln g.

= Corr. 0.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 = TET7T3BEETTTTEETT_TE%ETET“EETT

PRECISION AND ACCURACY

DISCUSSION

No data were obtalned 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-

ducibility 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, Iin the actual
extraction of the pentachlorophenol from the cloth, only 60% is ex-
tracted in the one minute time. GQuantitative extraction is obtaincd
using 30 minute shaking. No intermediate shaking times have been run
but a 5 minute shaking would probably give Quantitative transfer

from the cloth to the chloroform solution.

In shaking the c¢loth, water and chloroform, with 25 ml. chloroform,
about ¢1 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 pentachlorophencl. An alternative procedure
could be used where an aliquot of the chloroform 13 washed and the
pentachlorophenol transferred to the sodium hydroxide Bsolution for
UV measurement., This is the basis of the present method.
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METHOD NO. 62-4
(pg. 5}

When extractions are shaken by hand, 5 min. 1s sufficient for
complete extraction whereas 1.5 hrs. 1s 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 hras. The purpose of the 1 minute vigorous shaking

initially i1s to thoroughly disperse the sample before the mechanical
shaking 1s started.

Monsanto Chemical Company

Organic Research Department

St. Louis, Missour!

12/62 - Q. W. Ashworth, R, E. Keller
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2. Stability Studies

a. Biolite in Detergents

The stability of 1% Biolite in standard All and dry mix

L All was determined. The samples were prepared in individual 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
i perfumes. The cont-ol sample was kept tightly capped while the
o sample (cap removed),was placed in the humidity cadbinet. The
results of the first series are as follows.

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

Percent Biolite in Sample

! Time of Standard All Dry Mix All

f Test Control Rum{dity Tontrol HumIdity
B Initial 0.97 0.98
[ 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
; 1 week 0.91 0.77 0.74 0.78
i 2 weeks 0.81 0.67 0.58 0.65

[ b weeks 0.81 0.63 0.38 0.61
! B weeks 0.83 ' 0.46 0.31 0.33

The results indicate molsture may be a contributing
factor in the decomposition.

A second series of tests were run using 90% Blolite {90%
pentachloro - the balance being the tetrachloro analogue of Biollte)
with mesh size of 20-100. Several detergents were used in this
series. The results Are given in the following table.

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

(Containing 1% Biolite after 3 days, 1 weck, 2 wecks, and 1 month at
B80°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 (.92 0.85 0.84 0.77 0.¢5

Fab - 90% Biolite - 20-100 mesh 0.90 0.91 0.85 0.79 ©0.70

Tide- 90% Biolite - 20-100 mesh 0.9%0 0.9 0.88 0.B4 0.70

Climalene - 90% Blolite -

i 20-100 mesh 0.9 0.2 0.9 0.85 0.76
! Beads O'Bleach (1) - 90% Bio-
o lite - 20-100 mesh 0.90 0.95 0.95 0.40 0.78
1 Snowy Bleach (2} - 90% Biolite -
5[1 20+100 mesh 0.91 1.01 1.00 0.79 0.69
o il} Assay corrected by 0.20% as blanx correction.
fﬂ; 2, Assay corrected by 0.25% as tlany ccrrection. DSW 167087
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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 due to the fine mesh size of the Blolite.

b. Coated Biolite in Detergents

Dr. J. Baker had 90% Biolite coated with various coating
agents at the Wiascorsin Alumni Research Foundation. This Blolite was
tested by an accelerated test used by the soap manufacturers. The
sample 18 heated at 140*P. (60°C.) for one week. It is claimed that
this test 1s equivalent to & one-year shelf life. The analytical
data for this test using the method based on measurement of COp are
given in the following table.

Heat Stability Studles

% Blolite % of
in Detergent Original
Sample Originally At b0'C. Remaining Remarks
1 wk.
90% Biolite ~ 20-100 mesh 1.00 . 46
99% Biolite - 20-100 mesh 1.00 0.39 39
99% Biolite - <100 mesh 1.00 0.24% 24
Control - Biolite used in sudb~
sequent tests 1.00 0.36 36
5% Carbowax 6000 0.95 0.38 40
108 Carbvowax 6000Q 0.90 0.46 51
2.5% Methocel - Ethocel 0.975 0.39 4o
5% Methocel - Ethocel 0.95 0.48 51
10% Methocel « Ethocel 0.90 0.41 46
2.5% Carbowax 6000 .+ Methocel-
Ethocel 0.975 0.45 46
% Carbowax 6000 + Methocel-
Ethocel 0.95 0.46 48
7.5% Carbowax 6000 + Methocel- _
Ethocel 0.925 0.45 4o
10% Carbowax 6000 + Methocel- .
Ethocel 0.90 0.44 ho
2.5% Polyvinyl Alcohol 0.975 0. u4 ks .
&%  Polyvinyl Aleohol 0.95 0.62 65 0.92 % Biolite in
7.5% Polyvinyl Alcohol 0.925 0.71 77 0.93 original
10%# Polyvinyl Alcohol 0.90 0.76 84 0,91 formulation
Sugar 0.9% 0.48 ' 51
10% Sugar 0.90 0.49 5y
15% Sugar 0.85 0.%1 60
20% Sugar 0.80 0.48 60
25% Sugar c.75 0.39 52 Coated Biolit
Sticky-neces~}
sary to grind]
before formu~|{
5% Dextrin 600 0.95 0.52 55 tatine.
DSW 167088
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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 corr2act 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. Tnis hydrolyzed the Biolite to penta-
chlorophenol which was determined by measurement of its ultraviolet
absorption with an appropriate dilution. The assay figures obtalned
by this method were 87.0, 86.0 and 86.3% Biolite. These are in
close agreement as well as with the 90% nominal figure and the 91%
obtained by the method involving the measurement of carbon dioxide.

Of the coated materials tested, polyvinyl alcohol appears
t0 be the most promising. There 18 a trend showing less decomposition

as the amount of the polyvinyl alcohol 1s increased up to the 10%
level.

¢. Experimental Funglistat in Detergent

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

iyl e 2T e P S Dl e B A

3., Retention Studies

a, Biolite on Cloth from Terg-0-Tometer Washes

Experimental washings were run in the T2rg-O-Tometer to
test the effect of particle 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 pgm. Thus, the Terg-O-Tometer
cannot be used to duplicate the results of a full scale washer.

To check the deposition of Biolite 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 scolution poured through the swatches after
the wash as well as after tl.e first and sccond rinse. Biolite <€ 100
mesh was used on one test and 20-100 mesh material was used in a
second experiment. The results are given in the following table.

e R o B T S S T M BTV e

DSW 167089

P
{
1
{
|
1
!

STLCOPCB4041247



28.

Cloth Sample No. m Total Biolite
From Top to Bottom <100 ﬁesh 20-100 Mesh

1 84 166
2 46 131
10 20 61
11 31 60

The rasge of 60-166 prm 18 higher than the 17 ppm
obtained when the Terg-O-Tometer i3 operated in the usual manner.
The data indicate that Biolite is retained for the cloth by a
filtering action during standard washing machine tests. This
work shows that the Terg-0-Tometer tests must be changed in order
to simulate the retention of Biolite on cloth laundered in a
standard automatic washer.

b. Biolite on Cloth from Full Scale Washing Machine Tests

The analysis of cloth from ten Bsuccessive washes showed
no bulld-up of Blolite with each successive wash. The average amount
found was & ppm which 13 so low that there 1s a large experimental
error in the determinations. Only one-eighth the normal amount of
Biolite was used in this serles of experiments. (0.5% Biolite in
detergent and 0.25% used 1n the wash.)

The results of three full scale washer experiments carried
out to show the retention of Blolite on cloth are summarized in the
followlng table,
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Washer #1 _Washer

Penta-~ Na
chloro- Totsl ' Washer #2 bi-
phenol as as Total as Biclite Re-  phenyl
Cloth  Pilolite Bilolite Stda, Methed = Av, Std. Method Av.  ®nalysis Method
Sample _ (ppm.) _(ppm.) —{ppnJ  {ppm.) . :
wash 8 109 54,142,61 86 +
18t rinae 8 139 2.75,88 72{1;8
2nd rinse 3 71,86 75,73,5 €62 10
2nd rinpe ¢
sterilized 70,97 Bk + 13
Alr dried 7 50,49 70,68,66 68 +1 38,}8,)6(2) M+l 61,57 86
A.r dried + 1
sterilized B2,82,791) 81 41
Alr dried + (1)
sterilized 082 120 84,66,70 T3+ 7 112,64,73 83 +19
Alr aried +
sterilized
+ 65 hrs, at
75°* 64,69 67 + 3
Heat dried 20 116 136,99,107 114 + 35  139,137,0480) 1m1 4w 129 120
Heat dried + '
sterilized 76 110 123,106,108 112 + 7 156,166,160 162 ¢+ 3

{1} Two sets of samples analyzed.
se; Re-analysis of the samples gave 13,9,7 ppm. total.
3} Re-analysis of the samples gave 9 ppm. Dlolite - essentially all Bilolite 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 containeld 02
ppm pentachlorophenol or about 70% of the Biolite. The heat iried
sample contained 20 ppm Biolite or 186 of the total Biolite. The
fungistat activity of all samples were thus determined on cloth con-
taining 70% of the Biollte present as pentachlorophencl as all samples
were sterilized before running the blological tests.

In Washer Test # 1 only one sample of each was analyzed.
Tne erratic values make 1t d4ifficult 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 18 again noted and unexplalined.
There 18 good agreement between the sterilized and unsterilized air
dried samples. The reproducibllity of the wash sample before rinsing
is poor. This value does not decrease rapldly with two rinses which
shows the tenactty with which the Biolite 1s held by the cloth. This
cannot he called adsorption because, i1f it were, the amount on the
cloth would te the same when using the Terg-0O-Tometer under similar

conzentrations.

The results of the third washer experiment show a maximum
varistior, of four-fold between alr dried and heat dried sterilized
samples. Two additional samples of the air dried were run at a later
date and the values of 57 and €1 agree nicely but do not agree with
the average of 37 + 1 obtslned originally. A check of the analyti-
¢3!l method disclosed no sericus errors in the procedure. A very
non-uniform deposition of the Biolite ¢n the cloth might contribute
materially to a non-representative sampling error. The analysis of
an additional sample of hea® dried cloth agreed better with the valve

ctralined previously.

The rednction of Biolite with sodium biphenyl and titra-
tion of the liverated chicride with standard sllver nitrate was
developed And used as an irdeperndent method of analysis, Results
showing B6 pypm and 120 ppm for air dried and heat dried samples from
Run #3 confirm that the difference in Biolite content of air dried
and heat dried ¢lcth 15 real and that the data cottained with the
extraction-ultraviclet merod are of the correct order of magnitude,

Samples of the air dried and heat dried cloth were re-
analyzed and only a small armount of Blolite was found. This shows
that all extractable Biolite was remcved from the cloth by the

analyrical method.

DSW 167092
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4. Miscellaneous Studles

a. Effect of Sterilization of Cloth on Biolite Analyses

To determine the effect of sterilization on the analynls,
a series of experiments were run where a known amount of Blolite
was added in acetone solution to a swatch of cloth and this, in turn,
was analyzed. The swatches used were unwashcd, washed with water only
and wasned with Tide. Residual amounts of detergent or other 1impurl-

ties left on the c'oth were considered as possidble sources of trouble
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 variations of + 20%.

Effect of Sterilization of Cloth on Biolite Analyses

Total Pentachloro-
Biolite phenol and Blolite

Added Reported as ppm
Sample and Treatment as ppm Biolite
Piain Cloth - Unwashed 0 y

" " - Unwashed - Sterilized 0 5
" "  « Unwashed - Acetone 0 M
" " -« Unwashed - Acetone -

Sterilized 0 ' 5
" " - Unwashed 50 49
" " - Unwashed - Sterilized 50 57
" " = Unwashed 100 ok
" " - Unwashed - Sterilized 100 105
" " - Washed with Water 0 0
" " - Washed with Water -

Acetone 0 0
" " - Washed with Water 50 66
" " - Washed with Water -

Sterilized 50 56
" " - Washed with Water 100 122
" " - Washed with Water -

Sterilized 100 107
" " - Washed with Tide +

Bleach 0 0
" " - Washed with Tide +

Bleach + Acetone 0 0
" " - Washed with Tide +

Bleach 50 67
" " - Washed with Tide +

Bleach - Sterilized 80 56
" " - Washed with Tide +

Bleach 100 116
" " - Washed with Tide +

Bleach - Sterilized 100 75
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b. Stability of Biolite-Detergent-Water at 140°F.

A study to determine the exten® of degradation of Blolite

. in All during the washing atep at 140°*P. was carried out. In one
. experiment, the Bilolite was added to the detergent-water solution
e {(1%) at 140°P. as a solid. 1In the second experiment, the Blolite

‘ 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 Blolite precipitated in colloidal form which
hydrolyzed faster than Biolite added as a so0li®. The results in
the following table show that less than 5% of the Biolite would be
Tj decomposed in the normal 10-minute wash cycle,

Percent Blolite Decomposed to Pentachlorophenol

R Time in Minutes Added as Solid Added in Acetone Solution
. 5 2 11
. 10 5 16
- 20 10 24
i} 30 15 31
50 29 4y
. 90 46 66
ii 120 57 T4
1 ¢. Determination of Biolite by Reduction with Sodium Biphenyl
1 and Measurement of the [Iberated Chioride
i
1

The sodium biphenyl method for the analysis of Biolite
on treated cloth consists of the following operations. A 5.0 g.
cloth sample (diced; 18 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
1s reacted with 1 ml. ethyl alcohul. Five ml. of fresh 3% hydrogen
peroxide 13 added and the sample is boiled 10 minutes. After cooling,
100 ml. acetone and 1 ml. strong sulfuric acid (1 to 1 concentrated
sulfuric acid to water by volume) are added. The sample is 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}l sulfuric acid. The scparate
_ extracts are collected and titrated with 0.0025 N silver nitrate
% to potentiometric endpoint using glasc-silver electrode system and
x an L & N exranded scale potentlometer.

T v

[ I B

7

L B

Analytical data obtained using this procedure are reported
in the following tatle.
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Equivalent
Ml. Bio) ¢
’ Sodium Kdded Eouna
Sample Biphenyl {ppry 1ppm) Remarks
1. Xylene Solution of 5.0 100 98 Cloth Absent
Pentachlorophenol 100 98 " !
2. Xylene Solution of 5.0 100 T7 5.0 Gram Cloth
Pentachlorophenol Control Present
Plus 5.0 Grams
Control Cloth
3. Same as Sample 2 10.0 100 93 5.0 Gram Cloth
' Control Present
! 4, Treated Cloth Air 10.0 - 86 36,38,57,61 ppm
! Dried, 3rd Washer Biolite by UV
[ Method
| 5. Treated Cloth Heat 10.0 --- 120 129,137,146 ppm
i Pried, 3rd Washer Blolite by UV
; Method
i 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
’ “iedemann carried out the Terg-O-Tometer and full scale washing
J 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
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SECTION D

P31 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) PACls + phenol, and (2) (gO)POClp + butanol. In
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

P>} NMR methods were developed to analyze mixtures from both
steps in the process., Several by-products were identified. Major
and niinor components were determined quantitatively. The following
components were identified in the reaction mixtures examined: POCla,
(¢0,P0C12, (P0)2POCY, {@0)sPO, (BuO)sPO, (BuO;2(P0)PO, (BuO,{#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, 1t was not found possible
to analyze accurately for both POCls and (F0)POCle since the P®' NMR
peaks 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 analysis of sample mixtures of
ptiosphorus compounds. The various components are ldentified by inspec-
tion of the spectra. The method 18 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 a 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
tc the concentration of the component.

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

DSW 167096
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METHOD NO. 62-32

NMR Determination of Reaction Products from the
Dibutyl Phenyl Phosphate Process

A. Step I - Reaction of POCly with Phenol

This method describes a phosphorus NMR procedure for the determina-
tion of the amounts of the various phoaphorus 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%.

The P! NMR spectrum of a typical reaction mixture (see Pigure 1)
contains peaks for each of the phosphorus containing components pre-
sent. These peaks were identified by reference to apectra 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 1s necessary.

DSW 167097
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METHOD NO. 6232
{pg. 2)

3. Sample Analysis

F111 5 mm. thin walled NMR cells with azrnle {(add CCle to reduce
viscosity if necessary). Adjust speccirometer for maximum homo-

eneity and minimum drift. Introduce sample and record spectrum
?and integral). Add HsP0O, capillary to sample, rerun and obtain
spectrum with scale callbration.

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

n, Total Area *

100

where n = number of phosphorus atoms per molecule

Total Area = 2{1 Area |
ny
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 peaks of these specles are incompletely resolved.

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

B. Step I1 - Reaction of (ZO)POClgy with Butanol
SCOPE

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

the reaction of (£0,POClg 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 is
shown in Rigure II.

APPARATUS AND REAGENTS

See Section A,

DSW 167098
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METHOD NO. €2 -32
pg.

PROCEDURE

1. Instrument Settings
See Section A.
2. Calidbration

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
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ldensificaticn of Irhititors in

Competitive Hydrocarton Ester Fluids

sPtrojuction

This study was undertaken to characterize the oxidation inht-
bitors present in competitive turtofar fluids. The information
was needed to better select an inridbitor for a Monsanto Cqp alkane
product.

The techniques asppllied in the jlentificatrion were column chroma
ropraphyv, ultraviolet atsorption spectroscopy, infrared apectroscoyy
and nuclear magnetic¢ resonance spectroscopy

Summary

Esso, Texaco and Socony turbtobsan fluids were found to contain
one or more components with an arcmatic secondary amine structure.

The findings suggest components of the type -

| j
i H-N
| }
.N-R R. H . R
m N NIy
j \\c::/' —
é
i (A-262) (A-166)

Aralytical Studies

-

Following 13 a chart of the worx carried out,

Also attached are the vltravinlet specira of the three turbofan
fluids examiresd and the Lypical ultraviclet spectra of the suggpested
~omponents.

e R £t e o s ity e o o AR e RE e

A
i
1
i
}
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Column
Chromatography

Mitraviolet
Material "Per Se”

InCrared
Chromatographio
Praotions

NMR
Chromatographic
Fractions and
Material "Per Se"

Conclusions

Experime:ntal Compatitive Turbofen Pluids

Structure Data for Jnhibitor
1-T5T Texaco

—L:T¥2 Base

1-793 Socony

Two aromatio inhkibitors

Spectra characteristic
of -
.4

1) n--n_<_\.n--n

)

1J) Aromatic Byatem
(2liphstin aroma-
tia tertia-y amine)
R
)

Ny 7 R

|

N
'} Aromatio

(V]
d

pars and tri-sub-
stitution,

tri..substitution

Ffossitles

aen aystem,

No'prl. or sec. amine

-~carbonyl or ether
oxygen.

Two aromatic proton
signaln, 1 and II,

IZ, rat1o srometic
.hydrogen to aliphatie
hydrogen, at least 3/1.

amine structure, Thﬁ findings
N

A
i

a} Mulri-.aystem with

b) Multy -evpter ~ all

2) Heterocyclle nitro:

Spectra characteristio

of - H H
{Disubstituted arom.
tic secondary amine
"ortho” pesition -
phanylens diamine typa)

Cne aromatiz proton
stgnal, 1.
Signal strength indicates

1/3 amount present in

L-793 and L-T42

The flusda contsin one or more componens &8 inhibitoras with an sromatic saconAary
sBuagest components of the type -~ T

¥ _,__._ H e R
1 ;7? N qfﬁ,/;f:
~ o

-

One aromatic proton signal,

Speotra charscteristis
of & mixture of ~
R H

Y)Y R-N_7 N\N.N-R

N Arom~txo-uvntnm

111} W M ,__.n
R @u_</ é

but different from I and 1I.
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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 odtained from a gas
chromatograph. It has been found to be very satisfactory
in this uvse. Since it possesases potentisl advantages of
speed and accuracy over other methods presently availabdle

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

Summary

The Infotronics Corporation Model CRS-1 Digital Chromato-
graph Readout System has been evsluated as a method of
integrating NMR aignais. This instrument was evaluated

with and without signal preamplification using both the
signal taken directly from the Varian HR-60 NMR spectro-
meter and the base line stabilized signal obtained from the
Varian Model V-352]1 integrator. Two major limitations in
usefulness of this instrument were found. Difficulty in
zaroing the integrator before integration was observed

when using the signal ottained directly from the NMR spec-
trometer as well as a tendency of the zero position to
drift. These difficulties were minimized by using the base
line stabilized signal from thi. Varfan integrator. The
second limitation observed was a tendency to discriminate
against peaks with a low signal to nolse ratio. In a sample
containing both a strong and a weak peak, the weaker peak may
elither be omitted, or an improperly low integral value recor-
ded. With sufficiently concentrated samples of high signal
to noise ratico, this instrument was found to perform well,
being both accurate and rapid.
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Analytical Studies

A. Description of the Infotronics Integrator

The Infotronics Model CRS-1 integrator is designed spe-ifically as an
adjunct to laboratory gas chromatographs. The instrument is intended

to produce a printed record of the areas of the chromatographic penis,
| with the time of emergence of each peak shown opposite the recordec
area. Input to the integrator 1s &an electrical voliage of 50 milli-
volts nominal maximum (100 millivolts is permissidble); the time
integral of the input voltage 1s 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 conmponenis, the integrator
proper and the printer which produces a printed tape listing the
integrals of successive peaxs. Functionally, the integrator compor..nt
i in turn contains two Drincipal elements, an integrating unit and a

! peak-gsensing unit. The invegrating unit comprises a voltage-to-

’ frequency converter and a counter; the peaix detector 1s 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 accumulated
than selected level). count to printer,

print count and time,
Centrols 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.

B. Cornection of the Integrator to the NNVR Spectrometer

The radio frequency unit of the NMR spe:trometer provides outputs for
voth oscilloscope and recorder. The arrangement of these (when using
priase detection of the radio frequency signal).is shown in Figure 1.

DSW 167110
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The total resistance in series with the spectrometer output is less
at the oscilloscope ternmiral than &t the recorder terminal, so thre

CRS=-1 Integrator was first connec.cd cirectly to tne oscilloscope
erninal. Initial trials, vivh the vcltege-frequency converter and
siope ceteotor inpuis of the integrator ecnnected together, snoved

an aprarent large zero offset. Tnis was fouwsd to be caused bty an

-~ alternating voltage present in the slope detector input. (The

: slope dotector includes a magretic ampiifier energized at the line

' frequency.) Connection of a capazitor across the slope detector

iriput served to dypadss tho a‘tornnbans valtace prepent lere, but

. to avold excessive damping of the oscllloscope it was necessary to

; add a resistance in series, as sihown in Figure Za;. Because the

: input resistance of the voltage-Irequency converter is 100 kilohms
, and the input resistance of tre sicpe detector is 2 to 5D xilohms,
degencing upon the sensitivity setiing, the result of using this
circuit was a decrease of integrator sensitivity combined with an

apparent decrease of recorder and oscl ;;osco,e sensitiv'ty A
simiiar result was cbtained bty conneciing the intesrator directly

. to the recorder terminal of the spectrormeter; the shunt capacitance

at tnat terminal (see Figurec i, provided the required a.c. bypass.

~ possible means cf avoiding a. c. feeirack from tne slope detector

‘ and s .“ultaneous¢y reducing lcading cf sthe s;c::ro“ete“ output
circult was to place an 1so.a.-ng ampiifller telween tn voltage-
frequenczy converter and the siope detecter. A traus‘stc* emitter
follover was tried, as shown in Figure 2ic,; it was elffective for
isolating the slo,e detector from the integrater *nch* ciroult,
Yyt tne transistor tase current was suffizlent T2 produce an
otject .onable offset ¢f the zero of tre voitage -rr equency converter.

A more elatorate 'so‘at-ng arpiilier »as vriced in the form

Leeds and Northrup Mo, G3i4-2 ¢ ~ecciresic D-C null detector. It

was connected as shown in Figure &{c,. The 1 megohm recistor in
, sceries with the ingut to the rull setector scrved to reduce the
; sengitivity of this unlit %o tre roguired leovel. It also slowed
! the responce of the null detector; a volsose dlvider nignt nave

(g
teen preferable for redx.oinU the lagat volioge. In gencral, now-

~
~
’

ever, perforrmance of the agplirat.s dcsentlicd as in Figure 2(c¢) was
cavislactory. Decause tiie nu.li cohector “u, teern ter.oweld ..on
trne rarufacturer and hati to fe relurned after @ snort Line, some

; alternative amplifier was sougnt.

) Tre alterrnative chosern was tive use ¢f a lecde and MNorsnr.o No. T4O1
W, cH meter as a prearp.ifller. 7The connccllions were ag chown in Figure
Kl 2. The good linearlity and low cutput revistiunze of the pH meter

' re..* tved 1t to be used to0 drive toin tne volitage-Tre eguency converter

g, and tre slope detector As =et up, the rarnge cf tre LA meter was

i + 50 millivelts. A “ange o .“a,, twice btnis wiie woald have been

Eéuter to prevent tre reter beling driven cf{-scale on large peaxs.
in other respects, performance o. the pH meter as a preamplifier was
tisfactory.
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: With all of tre circults tried, it vas difficult to odbtain a suitadrle
. compronise between sensitivity to small peaks and sensitivity to
; rolse. The effect of larze amounts of damping was not tried in the
: precent work, but preswiat.y the discrimination dbetween noise and
- spectral peaxs could be improved by use of greater damping with
. correspondingly slower sweep rates. A flltered output is availabdle
! from the spectrormeter at the recorder terminal, as indicated in
: igure 1. To rmaxe the test use of this output, it would be necessary
t0 apply a preamplifier because of the high internal resistance of
the spectrometer and the low resistancs of the integrator.

: C. Evaluation

1. General Corrments

; All measurerents were rade with the zero of Infotronics integrator
. adlusted 80 as to give a counting rate of £ 10 counts/sec. (manu-
- facturer's recommendation). The effect of higher zero settings
“J is discussed later.

'3 By recording the CH: quartet in CH;CH,0H at various sweep rates,
the resolution of ti.. integrator was determined to be better than
orne peak every 2.0 seconds. Tne marufacturer reports one peak
= every 1.5 seconds and that resoiution car be irmproved considerably
1 if data is recorded on magnetic tape. Accurate phase settings
} &ppear unnecessary, see Figure 4.

2. Operation wisthrout Prearmprificasior

&' With the Infotronlcs integrator ccnnected to the recorder output
Rﬁ of the HR-60 srectrometer a sample was examined which contained

: two peaks in tre area ratio 6.0/1.0. ignal intensity was variled
by adjusting ri. The results obtained are glven in Tatle I;
increasing total count indicates increasing signal.

sable 7

—_— e o~

Effect of Sipnal Irtercsity orn Ascuraszw

A'_'
a I “otal Counts Ocgerved Area Ratio®
i ! orn Integrator Infotronics ir.iegratcr rlarimeter
J ’ 153,300 ¢+ ¢t ' o =.9
. 25,000 + 1,500 S.51 # 0.5 €.08
: 53,000 + 2,002 5.63 + 0.20 cow-
; 1€2,000 % 10,000 5.55 + 0.30 -—--
K * Actual area ratio = 6,03

dren the base line statilized sigral obtaired from the Varian
V-3521 integrator (spectrum position) was used as in input
. sigral for the Infotronics integrator, the same tiasing

' ) against weak peaks was otserved.

- pSW 167112
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3. Operation with Preanglification

a. pH Meter

At low counting rates {weax signals)} the same blas against
weak peaks was orserved. st high counting rates a blas
against stro:.; peaxs was octserved apparently due Yo over-
loading of the pM meter. For these reasons, no detalled
study was made.

b. D. C. Null Meter

ERNREp N

A synthetic nmixiure was grepared ccontalning components of

61.1, 30.0 and B.9 mole percent phospnorus. Signal intensity
was varied by adjusting ~i, 8igral to nolise ratlio was varled
by adjusting the frequency respanse. Representative spectira

i are found in Figures 5-8; the cata octained are summarized

" in Table II (attached;. The resuits obtained are considerabdbly
X tetter than those obtained with no preampiification, but tre

A blas against weix« signals remalrns.

N P N N A W S

To deternine the effect ol raczground level on accuracy, the
relative areas ol severa. of tine “ultipiev components in the
P3! spectrum were obtaired at various racxground readings.
~8 the background was increasei, the area ratio decreased
approaching the correcct area ratio {with and without backe
ground subtraction;. However, at ithe Lign rackground level
needed to obtaln the ccrrect area ratio, the rackground was
a major part of the total count. ince peaxs wWith different
line widths would have cdillerent tacxkgrounds, no simple method
18 avallable to accurate:y suttracst the contrivution of the
vackground from the ctserved count.

D. Supzested Operating Procedure

O

i a. Connect recorder output of Hi-C0 %o input of a preamplifier.

nat of Infotrconices integrater.

cr
o]

',h

b. Connect output of preanpllificr o

g c. after warm-up of equipment, adltuct zero
! ir.~egrator to give &.counting rate of 3
; V&G usting the red prote pacluies i rec

cevting of Infotronics

€55 than ten counts/second

escary;.

i 4. "Luch function control switcrn of Infotronics integrator to
utomatic (integrat:ion;.

¢. HMezcord specirwn and integral.

- f. Press total button on calculassor. (I spurfcus Leaxs are recorded,
o ad/ust the sensitivity control of the Infotronics integrator to
- .. g.ve decreasing sensitivity and repeat stens c-f.

\ DSW 167113
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E. Peasibdbility 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
signals, its operating spsed may prove useful in obtaining area
measurements from & large set of similar samples (where its
accuracy on one of the samples can be independently determined).

12/62 -~ K. W. Dietrich, W. M. Trump, R. E. Keller
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T0
55
70

HR-50
Instrwurent
TR § LRI
éb in., HR = &
6t In., HR = %
éb in., HR = 1

ob in., HR » 1

Table 11
Data Obtained Using D. C. Null M:ter

Sample Cor tion
Actaval By ‘.[mrg‘lzrorﬁ m?g!{c'gm ?c
B C_ A K
6.1 0.0 B.9 62.24+1.3 29.T % 0.7 8.1+0.8
63.4 + 0.6 20.2 +0.8 6.4 +0.5
62.8 + 1.2 30.% +0.8B 6.8+ 0.6
67.1 4 0.% 29.7 + 0.% 3,3 % 0.2

a1 At Ak AN B HANS IAMINS M PR e 3§ S 0 8

———yr—

AT BT T
6%.9 25,1 10.0
60.7 30.8 8.4
60.0 29.7 10.3
63.7 206.6 9.7
”»
od
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SECTION G
NMR Determination of Methyl Lactate
in Pirat 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 residuval
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 1s
determined from a calibration curve obtained from area measurements
of standard mixtures of ML and methyl alcohol. With this method
it 18 possidble 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 this
method.

The method developed 18 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 probably
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 developed
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.

DSW 167123
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METHOD NO. 62-22

NMR Determination of Methyl Lactate
in First Step Reaction Mixtures

SCOPE

This method describes a proton NMR procedure for the determination
of the concentration of methyl lactate in reaction mixtures con-
taining methyl lactate, methancl, 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 Figure I) contains
peaks for the OH, H and two types of CHs present in methyl lactate.
The same spectrum (OH peak shifted) 1s observed for reaction mix-
tures containing methanol and impurities (see Figure 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 be
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 (& Varian HR-60 was used).
Methyl Lactate - Reference of at least 98% purity.
Methanol - reagent grade.

Synthetic mixtures covering the c¢oncentration range of interest. The
mixtures used were:

Welight
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 45,1

DSW 167124
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METHOD NO. 62-22
: T

& 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 RF Unit: 80 ab In

Recorder Level: Maximum
Receiver OGain: 3

Frequency Response: WLJ Detector

V-3521 Integrator: Input Level: 650
Output: Coarse X.1
‘ Plne x'l
Frequency Response: 20 cps

} Autograph XY Recorder: X: 100 sec. full scale
- Y1 500 mVo = full scale

, Slow Sweep Unit: Increase 1 x 100
?

E Sample: 5 mm., spinning
; 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

13 near recorder full scale. Also, make any adjustments neces-
sary to optimize the appearance of the intogral 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 desiSred 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 welght, methyl lactate, Draw the best smooth curve
through these points. The working calibration curve set up for
the method 18 shown in Pigure III.

i

—

DSW 167125

STLCOPCB4041283



c— . —=

METHOD NO. 62-22
Pg-

C. Sample Analysis

Prepare samples, obtain and analyze spectra by the procedure
described for the synthetic mixtures. (If the samples and
standards ars 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, sppropriate
corrections 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.

Crganic Research Department

St. Louis, Missours

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

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 tranaformation. 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 c¢rystal
transitions too rapid to be followed by intermittant sampling.

Summary

Results show that different diffraction patterns are glven by
pentachlorophenol when held above or below the transition tempera-
ture of approximutely 60°C. The transition is reversible. The
more complex diffraction pattern of technical pentachloropncnol
indicates the preaence of one or more crystalline impurities.

Quantitative measurements in the 20 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 Techniques

1. X-ray diffraction studies by pressed disk technigues

Problem of sample preparation were encountered in
initial X-ray powder 4Aiffraction experimenis with
pentachlorophenol. The crystals are soft and it 1s

ifficult to grind them to the fine powder (200 mesh
or smaller) required for powdar diffraction work.
The crystals are also highly susceptible to align-
ment along crystal planes (preferred orientation).
Accurate determinatiion of relative intensity of the
various 4irfraction 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 emooth, dense disks at pressures as

high as 16,000 pounds per square inch, the maximum
pressure developed by the iaboratery 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 technique on a quantitative basis appeared
ratheyr difficult, and alternative solutions were
explored. FHowever, the pressed disks look promising
for future applicat:ons as a means of increasing
genpitivity for a minor componeny Oor perhaps in the

suppression of the diffraction pattern of an interferring
component.

2. X-ray diffraction studies with nujol mulls of penta-
chiorophenol

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

DSW 167131
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overcome by preparation of a mull of Penta and Rujol.
The mull $s prepared hy weighing 0.2 grams Nujol Into

a 2 ml. stainless steal W1G-L-BUG grinding vial. Penta
18 added egquivalent 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 1s 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-BUO.

The contents of the vial after grinding are transferred
to a Norelco standard aluminum powder diffraction
specimen holder and a plane sample surface is prepared
by pressing with a microscope slide or other smooOth
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 multipilier,
4 time constant, proportional counter, 1675 counter
voltage. If the total diffraction pattern is of
interest the sample is scanned 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 wap considerad impractical because of the

difficulty of preparation of standards with known
ratios of crystalline forms.

X-ray diffraction studies at varlable 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 tempsrature was varied. The special

DSW 167132
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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 a Watlow GIE2A Cartridge Heater

100 watt, 11% volt, available 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 housas a No. 30 teflon-
insulated, iron-constantine thermocouple probe. The
, temperature 1s 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 wers made through a hole

; grilled in the diffractometer x-ray scatter shield,

i 1ig. 2.

B. Experimental Findings

1. Confirmation of crystalline form transition

Preliminary experiments carried out with pure penta-

| chloroPhenol and with Monsanto and Reichhold technical
"pPenta" confirmed that exposure of Penta to & 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 reglons in the

pattern where this change 1s 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 intensities here seemed more affected

by sample surface reproducibility. However, this

region was favorable for study of samplea showing

marked preferred orientation such as pressed disks

or solidified melts because of the greater sensitivity.

2. 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 exhidbited sharp rate
differences. Pure pentachlorophenol underwent
essentially complete transition in about 4 hours where-
as Monsanto and Reichhold Penta still showed sub-
stantial amounts of the high temperature form after 14
and 20 cays reapectively.
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3. Effects of storage form on transition rate

Monsanto Penta stored as flakes at room temperature showed
essenfl¥¥y 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 pentachlorophenocl in the high
temperature form showed nearly complete transition

within the forty five nminute period required to prepare
the mull and obtain its diffraction patterm. Transition
of a 80lidified melt of thips same material took four hours.

k. Exploration of practical methods to accelerate crystal
Torm transition CRiorete cryptrt

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

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

is just below the transition temperature. This same
sample underwent nearly complete transition at room
temperature in adbout 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 appreciadly accelerate the crystal form transition.

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

techniques that can be used to investigate crystal structure
problems of the type described in this report.
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1. The powder diffraction pattern is characteristic of a
pure crystalline material and is useful in a) making
identification, b) determination of purity, ¢) examina-
tion for orystalline changes drought about by decompo~-
sition or reaction to form different crystalline pro-
ducts, 4) following appearance or disappearance of
a crystalline phase, e) measuring tranaformation of
a given substance to a different crystalline form,
£} formation of solid solutions or amorphous phases, etc.

2. 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.

3. The special techniques of sample preparation devised

should be useful in future studies of organic crystalline
matter.

4. The production of diffraction patterns under variable
temperature conditions should have future utility.
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SECTION 1
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ldentification of Contaminants in pava-I'nenctldine

- s e B+ B e e

Introduction

In the continuous hydrogenation of p-phenctidine, a precipltate
was formed that causced a quality problem in the W.0.K. p-phenctidine.

Ptytieal attempts to ldentify the organic structures of the
contominsnls in the p-phanctidine were made by application of infia-
1¢d spoectroscopy. These identifications were attempted using a
gample of polymer extracted from p-phenetidine that had been
returned from Nitro.

Summary

Solid state infrared spectra (as KBr discs) showed the following
structural characteristics of contaminanis in p-phenetiding:

Secondary amine

. Aromatic nucicus
Aliphattie hydrop:n

Ethoxy group

«  prra-alotitutod fromstte

BN

and the posuible additiovnal structures:

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

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

Analytical Studies

para-Phenetidine Contaminant

Sample -~ Polymer from para-Phenctidine, v/2u4/62, R. Schubert
(from material rcturned from Nitroj.

Solubility - Estimated less than 1% soluble in watcer, hen.on,
chloroform, acetone, acetone + HCl, dioxane, benzene, DMF and tctlia-
hydrofuran,

Molecular Welght - Average molecular weight range 18 U472
to 600 using Fenzles apparatus and bolling tolucne.
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Number of Components - At least 3 or 4 as determined by
frolubility and thin layer cﬁromatography.

Structures Found - Determined by infrared using KBr preszeid
discs of the samples. No satisfactory solvent was found for a
ruclear magnetic resonance study.

{1) =N-, secondary amine

{2 m}l , Aromatic nucleus

. [
i -?-H. sliphatic rydrogen

{43} «0-CaHy4, ethoxy group

1y P.@ R, para-substituted aromatic

Possible_addAltional Structures

6, -NOa, nitro group

12/02 - R. . Keller, B. Katlafsky
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SECTION J

Identification of Plasticlzers 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 functioral fluld base 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 wecll orlented with
respect to the advantages and limitations of cach technlque.
Because 1t 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 appllca-
tiuvr. 2ngd 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 :{ts advantages and limitations.
This report is offered as a gulde to those working the plasticizer
field in selecting the best physical analytical method of analysis
to fit a particular problem.

Analytical Studies

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

1. Phthalate Esters 10. Sebacate Esters

2. Isophthalate Esters 11. Citrate Esters

3. Terephthalate Loters 12. Acetyl Citrate Esters

4. Phthalyl Glycolate isters 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 11sts 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 inc¢yclopedia
of Modern Flastics, Vol. 39, No. i-a, 1962;.
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_Type
Phthlates

TABLE I
COMMON PLASTICIZERS

Monsanto Origin Competitive Origin

di-methyl
di-ethyl
di-butyl

d1-2-ethylhexyl
{DOP)

di-imsooctyl
(DIOP)

di-isodecyl
(DIDP)

di-phenyl
di-cyclohexyl
di-tridecyl

butylbenzyl
(s-160)

butyloctyl (S-165)

isohexylbenzyl
(822609

isooctylbenzyil
(5-261)

isodecylbenzyl
(§-2€2,

No. of
competitors

10
1
28

25
21

22

none
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69.

Table I {cont'd)

No. of
Type Monsanto Origin Compstitive Origin Competitors
(methylearbityl)
benzyl(S-263)
) dicapryl 6
butyleyclohexyl 2
butylphenoxyethyl -
| : ethyleneglycol bis-(butyl) ——-
E '\ Isophthalates
? ”é none di-2-ethylhexyl 1
| }
; % Terephthalates
é none di-2-ethylhexyl -———
' Phthalyl
@Eico ia tes
: E-15(ethyl-phthalyl ——-
K ethyl glycolate) -
; B-16(butylphthalyl .-
: butyl glycolate) _——
i M-17{methylphthalyl .-
/ ethyl glycolate) -
% Benzoates
’ none dietayleneglycol dibenzoate 1
% dipropyleneglycol dibenzoate 3
é ethyleneglycol dibenzoate .
.
i
{ DSW 167142
b
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Adipates

Maleates

Fumarates

Azelates

Sebacatas

Table I (cont'd)

Monsanto Origin  Competive Origin

di-2-ethylhexyl
(DOA)

di-iscdecyl (DIDA)
di-n-octyl-n-decyl
di-isobutyl

dibutyl
diocetyl
dlbutyl
dioctyl
none di-2-ethylhexyl
di-lsooctyl
di-isobutyl
none dibutyl

dioctyl
di-isooctyl

No. of

Competitors

23

17
14
8

10

14
14
10

DSW 167143
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Table I {cont'y)

Jype Monsanto Origin Competitive Origin CO:;;tgiorl
Citrates
none triethyl 2
tri-n-butyl 3
Acetyl Citrates
‘ none acetyl triethyl 1l
acetyl tri-n-butyl l
acetyl tri-(2-ethylhexyl) 1l
Phosphates
triphenyl 8
tricreayl 12
S-140{cresyldiphenyl) 7
S-141(2-ethylhexyldiphenyl) ———
S-144(1s0ctyl diphenyl) ———
Sulfonamides
S-1-H(N-cyclohexyl-p~- none
toluene sulfonamideg
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 benzens- 1
sulfonamide
DSW 167144
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Zype

Table I (cont'd)

Chlorinated Hydrocarbons

Hydrocarbdbons

Monsanto Origin  Competitive Origin co:OE'tgion
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 kU469 none
Aroclor 5442 none
Aroclor 5460 none
Aroclor 2565 none
HB-20 none
HB-40 1
dodecylbenzene

misc. 9
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.
B Table I {cont'd)
K . No. of
Type Monsanto Origin Competitive Origin Competitors
X Polyesters
S-405)1,3-butanediol
S-409)adipic acid
S=411)polyesters
misc. 20
, Epoxy Compounds
; epoxidized soy bean oil b
epoxy tallates® 2
epoxy tetrahydrophthalates
! epoxy stearates 3
? misc 11
L]
4
DSW 167146
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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 criticsal
comparison of the spectrum of an unknown material with that of
a reference spectrum. Often the positive identification of a
given compound in a class i8 not possible becauvse unless the IR
spectrum 18 obtained under special conditions, the small differ-
ences that exist are not easily diacernible. For example, the
apectra of diisonctyl and diisodecyl phthalste are practically
identical.

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

DSW 167147
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1. For mixtures of two or more comﬁoundn in a class {i.e., butylbenzyl,
* dibutyl and divenzyl phthalates) infrared will not detect or

, differentiate the components, only indicate that a phthalate is
present.

. 2. In mixtures of plasticizers of different ciasses (i.e., fumarates
{ 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 is attached which can be used
to 1dentify the majority of the plasticizer classes on the dasis of
the presence or absence of key adsorption bands in the spectrum. A
bar graph 1s attached showing the characteristic absorption patterns
for each plasticizer class. The wave length in microns for these
characteristic bvands are:

1. Phthalates
13.4-13.5
14.2-14.3

2. Isophthalates

5-8'549
' «7-7.9 (usually a doublet)

OO =W

=~ £\0

8

8.8
23
4.1

i

3. Terephthalates
[} 5.8'3.9
[ +9-8.0 (doudblet)
9.

13.7

DSW 167148
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Phthalyl Glycolates

5

Maleates

g .75-5.85
Broad band with four distinct peaks at:

g-? -5.8
.0 -8.1
8.25-8.35
8.6 -B.7
Funarates
5-75-5-85
Broad band nith two peaks at:
7 7 g
0
8.2
Broad tand with two peaks at:
8-5‘ 6
8.7
10.2
Adipates
8-75- .85
.0 - 01
g.g 8.6 (usually most intense;

DSW 167149
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9. Azelates

! g-gs-s.es
'i 83 ¢
! 9.1

10, Sebacates

| 275-3.85
-8. 6
8:85-675
11. Citrates
2.9 -3.0
3.75-8.85
4 -8.5
8.9 -9.0
12. Acetyl Citrates

-3.0 (weak)
.15~ 85

2.9
7
-75-
.15-
45-8
5-8

\J’l

82

13. Fhosphates
No vand in 5.7-6.0 region.
7.7- 7.8
10 .3‘10.6

14. Sulfonamides

3.0
No band in 5.7-6.0 region.

%

15. & 16. Hydrocarbons and Chlorinated Hydrocarbons

8.7

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

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

SR i I e NS

18. Epoxy Compounds

Insufficient data availavle to characterize this class.
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B. Nuclear Magnetic Resonance Spectroscopy

Nuclear magnetic resonance is a useful analytical tool for
determining the structure of unknown compounds and for determining
concentrations of components present in a mixture. A particular
NMR measurement 1s senaitive 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 neardy magnetic nuclel. NMR is useful as a guantitative
tool since the area observed for an NMR absorption 1s directly
proportional to the numdber 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 1s unigue to that class, as 1s 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 prescnt, the
indi.>ted absorption is due to the underlined proton type. The
second a‘*tached figure is a graphical representation of the NMR
spectra of ~ serles of phthalate esters showing their characteristic
chemical shit s and peak multipliecity; no attempt was made to repre-
sent relative pe2k ares., quantitatively in this figure. The com-
pounds listed ar:* .:r, dimethyl phthalate; DEP, dlethyl phthalate;
DBP, dibutyl phthalate; DIOP, diisooctyl phthalate; NPT, lirhenyl
phthalate; and S-160, butyl benzyl phthalate.

There are several limitations to the iInformation obtainabdle
by NMR. In mixtures, or very complex molecules, because of the
finite line width of the observed NMR signals, it 18 not always
possible to distinguish between structural groups having similar
chemical shifts. Also, in general, it 15 not possible to dis-
tinguirh between a pure compound and a mixture of compounds con-
tainining the same structural groups.
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C. 0£as Chromatography

The following table summarizes our present capability ‘n
848 ¢hromatography with respect to pleati~izers. This represen's
the scope of our presert experience ant ro: necessarily the
Timits of capability of gas chromatography. TFurther experimenta.
tion and development of this technique may likelv hromden 1its
applications to plasticizern.

3763 - B. Katlafskv, M. Tietrich, E. Emerv, W. E. Koerner, R, E. ¥alle-
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Gas Chromatogra,hy Capability in FPlasticizera

Estimated Time Requilred

Il
per Sample ;
Plasticizer “Elapsed on :
Systems Advantages Limitations Instrument {min.] Man-min. h
Dialkyl 1.Resolution of mixed esters 30 30 :
Phthalates from the corresponding sym- i
metrical esters {e.g., is0- .
octylbenzyl and butyl-2- !
ethylhexyl). '
2.0eneral resolution of a mixture
of DOP, DIOP, DIDP, S5-1(0, TCP,
dibutyi-, dibenzyl- and ditri-
A decylphthalates. |
Y Dialkyl 1.Detn, of unreacted esters in Do not resolve the 30 30
o Fumaratee bisfumarates. higher maleates from K
t 2 and 2.Detn. of unreacted alcohol the corresponding
\ Maleates and other impurlties. funarates., iWe can
] J.Resolution of mixed esters resolve the AIbutyl i
o from the corresponding and diethyl, but not )
1 symmetrical esters, the di-2-ethylhexyl
: and diisohexyl).
* Alkyl Resolution of most mixed Cannot as yet resolve 2s3 30 §
Phosphates phosphates, such ac the methyl- the 2-ethylhexyl-phenyl {
phenyl and butyl-phenyl series. series (S-141,. B
Diulkyl The same capabllity should apply ;
Sugclirtes, in general as with the dialkyl )
: Adipates, phthalates, ;
] Sebacates, i
sto. i
. }
bl
' ;
1 fos) ;\.
4 ¢
P i
|
b
i
1]
|
|
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SECTION K

Infrared Study of the Reaction Rate of
Resorcinol in Sodium Sulifite Seclution

Introduction

The literature reports that resorcinol in the presence of sodium
bisulfite 1s sulfonated in several intermediate steps to yleld
sodium 1,3-dlhydroxy-1,3,5-cyclohexanetrisulfonate and m-phenol
sodium sulfonate as stable end products. Confirmation of this side
reaction and reaction rate data were needed to optimize proceas
conditions and minimize resorcinol losses in the acidification and
qQuenched 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 },3-dihydroxy-},3,5-
cyci~hexanetrisulfonate and sodium m-phenol sulfonate were the
sulfonai‘'on products formed.

Analytical Stulles

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 phH
and temperature to assist in optimizing process conditions and to
minimize losses of resorcinol in the acidification and quenched ligquor
storage stages of the resorcinol process.

The_literature /V. N. Ufimtseb, Zhur. Priktad. Khim., 20,
1199 (1947)7 reports that resorcinol,in the presence of sodium 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 discdium sulfonate) have been identified as inter-
mediate procducts. The stable end products of the reaction are 1,3-
dihydroxy-1,3,5-cyclohexanetrisulfonate and m-phenol sodium sulfonate.
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Infrared methods were investigated to measzure the resorcinol
directly in aqueous solution. Attennated Total Reflectance
terhniques proved unsatisfactory due to the poor long term stabllity
of the optical bench settings which resulted in poor reproducibility.
Direct transmission measurements of the aolutions 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 bend showed interference from ir.termediate products.

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

In the proceduvre used to i1solate the resorcinol from the
reaction mixture, a 20.0 + 0.02 gram aliquot of the reactiopn mixture
was cooled to room temperature in a water bath and the pH adjusted
to 6.0 by bubbling in sulfur dioxide {S0z) and using a pH meter.

(In this study the reaction mixtures contained approximately 4%
resorcinol and were saturated with sodium sulfite.) The solution
wis transferred to & 75 ml. separatory funnel, the beaker was rinsed
with 10 ml. of isopropyl ether aAnd the ether was transferrel to the
funnel. The aystem was shaken for 30 seronds, the phases permitted
to separate and then shaken for an additional 30 second period. The
ether layver was filltered 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 isopropvl ether ard the rinsings were
added to the filter, The imopropyl ether voiume in the flask was

ac, *sted by adding additicnsl etkrer Aropwise to the filter, Anhydrous
sodium 1 Cute w.a added to the (lazk £nd the mixture sghaken. A
portion ¢t tvi, 1sopropyl ether solution was transferved to 8 2 dram
vial contlairnirg & fresh portion of anhydrous sodium sulfate and
shaken. This solution was decantrd and equilibrated with finely
ground sodium chloride in ancther 2 dram vtal. Resorcinol recoveries
of 92-93% were obtained by thim ertraction and drylng procedure.

The dried i1sopropyl ether sclution was transferred to &8
0.082 mm. rock salt infrared cell Aand the infraicd spectrum was
cbtained usirg a8 0.070 mm. solvent compensating cell] through the
region of 1C.1-10.7 microns. Measurements were made at 10.38 microns
anid 3 background correct!ion measured at 10.2% mizrons to determine the
resor2inol concentration. The irstrument ccrniitions used were:
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Instrument: Perkin-Elmer Model 22) Double Beam Infrared
Spectrophotometer

Optics: NaCl prism

Slit Program: 990

Attenuator Speed: 4 seconds full acale deflection

Scanning Speed: - 4 minutes/micron

Gain: §

Suppression: 0

Chart Scale: 10 cm./micron

Sample Cell: 0.082 mm.

Reference Cell: 0.0T6 mm.

Solvent: - Isopropyl Ether

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

PH Temperature

Y 70°

6 S0

7 501 70 and 90

8 5, T0

9 90, 103.5 (ner1ux)
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
proceeda, the pH rises approximately 0.3 to 0.5 pH units when about
25% of the resorcinol has reacted.

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

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

pH Temperature Rate Cons tant" Rate PercentB
6 50°C. 0. 0180/hour 1. Bo/hour
T 50°C. 0.0101 1.0
8 50°C. 0.0044 " O.44
7T 70°C. 0.0304 " 3.04 "
8 70°C. 0.0114 " 1.14 "
7 90°C. 0.118 " 11.8 "
9 90°C. 0.0443 b.y3 "
9 103. 5 C.{Reflux)0.141 " 14.1 "
10 103.5°C. " 0.0900 " 9,00 "
12.5 103.5"C. " 0.0017 " 0.17 "
DSW 167161
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(A) Rate Conatant = k = 2,303 ¢
te~t, log z‘t

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 constant vs. pH is shown In
Figure 9. The data obtained at 103.5°C. are curvilinear and
suggest the data for the lower temperatures are algo actuaklly
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 conhditions,
the resorcinol concentration is reduced about 1¥. During the next
three hours the resorcinol 18 regenerated so that at the end of
four hours the resorcinol concentration is the same as the zero
time sample. 1If bisulfite 18 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 is regenerated under theae
conditions, the reaorcinocl complex muat be loosely coupled.

B. NMR Spectroscopy

Analysis of NMR spectra obtained from samples of resorcinol
in saturated aqueous NsaSOsx solution indicate the following trans-
formation:

Resorcinol {A) -120ay (py M8y (¢

i rates of theae reactionsa increase with increased tempera-
ture. Three samples taken from a solution under reflux ronditicns
at pH 7 indicate the fclliowing approximate compositicns:

3 hr. reflux ~A50% A, 50K R
24 hr. reflux ~90% P, 104 ° g
72 hr. reflux ~ATCR B, 30¥ C

Analysis of'the NMR spectra snd r1elat2d reference materials
indjcate that (B) 3s sodium },3-4thydroxy 1,3,5-¢velohexanetrisul-
fonase or aome closely related material, and (3) 18 sodium m-phenol
sulfonate. Intermediate compounds between resorcinol and (B) and

between (B) and (C) may exist. “

- [ At \ .t

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

Attenua tal Reflectance Infrared Stud
of Sodium Phenate and Sodium Benrenesulfonate

Introdﬁction

Conventional infrared analytical methods for laboratory and plant
process aqueous streams have been limited by the intense water abvsorp-
tion which makes it necessary to use extremely thin cells. Problems
in plvgging 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 Attenuated 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 thickness to overcome the sampling
problams 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 iwmproved phenol yields.

Summary

ATR infrared studies of agueous solutions of sodium phenate and
sodium benzenesulfonate (NaBS) have demonstrated this technique
would be a 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 NagSOq, NagSOs, NalUH, NagCOs and sodium
phenate would introduce only negligible errors in measuring NaBS.
In s-.dium phenate streams, small corrections could be made for the
2Zatribution of NaOH and NagSOs to the sodium phenate measurement.
The Connecticut Instrument Corporation ATR eqQquipment used in this
work should be replaced by a structurally more stable unit for use
a8 a plant stream anslyzer.

Analytical Studies

Attenuated Total Reflectance (ATR) infrared methods were investi-
gated to deteramine 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 prinoiple as & 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 chlaride, silicon and Irtran-2 {Eastman
Kodak ) prisms were investigateld.

A silver chloride prism was used first, since this was availabdble
as a 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 obtalned by D'r. 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 material uvnusavle for
this application. Eastman Kodak's Jrtran-2 optical material 1s
infrared transparent in the regions of intereat and 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 Iin this study.

The angle of incidence relative to the reflecting face of the
prism was found to have a large effect or the intensity of the
absorption bands observed. The trands tecame more intense &8 the
angle of incidence becamenr~Yler and an angle of {0, th( ~intmyn
angle that can te set up with the ATR-1 unit, was usedl.

The phenol procesas stresams of interes* have the following
typical compositions:

Pro~eag Stream

4LF NaRS 54% NaBS Pherate Slurry
Temperature 95* 1o00* 120°
Component z # .
Water kg 78 by 2 26.30
NaBS Uy 68 51.50 0.23
Sodium phenate 0.06 - - 29.90
Sodfum sulfite 0.4%] C¢.55 34,82
Sodiam sulfate 4, 5] 2.5 2.76
Sodium chloride 0.0% 0.07 1.54
Sodium hydroxide .15 0.2% ’ 3.80
Sodium carbonate 0.06 0.C8 0.41
Diphenyl sulfone 0.2% 0.3  aeea-
Na di{benzenesulfonate 0 06 0.06 “mace
Na dihydroxybenzene = -ea-- e 0.05
Na ¢o-phenylphernol = ---.. vae- ¢.03
Tars . e cene- 0.10
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Since no provision is made for thermostating the ATR-1 unit or
the 1iquid ATR cells, the laboratory studies were made at room tem-
Solubility limitations at room temperature lowered the
concentration ranges in which NaBS and sodium sulfite could be
¥Water solutions in the following concentration ranges
were prepared for the principle components in these streams:

perature.

studied.

NaB3

Sodium phenate
Sodium sulfite
Sodium sulfate
Scdiun hydroxide
Sodium cardonate

absorption.

ATR prism

Angle of incidence
Solvent
Compensator

511t program
Scanning speed
Chart scale

IR instrument

Spectral Results

‘v Sodium Phenate

ATR absorption bands are found at 6.77 microns for the pheny:
ring and at 7.90 microns for the Ar-0 stretching absorption.

band is suitable for analytical purposes,

0.2-1%

Two ATR units were set up to permit running the spectra of the
solutions against water in the reference unit to compensate the water
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:

101.

10-35%

10-35%

10-2
1.5
1-8%

The following ATR and

Irtran-2

ho*

Water

Water

980

1 minute/micron
10 cm./micron

Perkir.-Elmer Model 221

Either
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 seriles of aqueous solu-

! tions of sodium phenate. Figure 2 is a plot of the optical density

at 7.90 microns for these solutions versus the sodium phenate con-
centration {(al. measurements are made relative to the water blank at
A linear function is obtained showing that Deer's Law

this wave).
is obeyed at this wavelength,
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2. NaBs

ATR absorption bands are found at B.52 microns Cfor 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 serious errors in measurements mada at 8.9
microns. The interference due to the sulfate would dbe small for
the 8.52 micron band. Figure 3 shows the superimposed spectra of
a series of aqueous solutions of NaBS. Pigure 3 is a plot of the
optical density of the B.52 micron band versus the concentration of
NaBS {all measurements are relative to the water blank at this
wavelength). A linear function is obtained showing that Beer's law
is obeyed at this wavelength.

3. Sodium Sulfate mnd Sodium Sulfite

Pigures 5 and 6 shos the superimposed specira of a series
of aqueous solutions containing 1-5% sodium sulfate and 10-20%
sodium sulfite. At the analytical wavelengths (7.90 and B.52
microns), it can be seen that interference errors would be small.

4, Sodium Hydroxide and Sodium Carbenate

Figure 7 shows the spectra of 7.8% sodium hydroxide and i%
sodium carbonate in the spectral region of interest. Sodium hydroxide
produces no finite absorption band but merely depresses the background.
Ita presence would have about equal effect at 7.90 or 8.52 microns.
Sodium carbonate produces an abscrption hand peaking at 7.25 microns
which tapers off to a point where 1ts presence would introduce only a
s8light error in measuremcnts at the two analytical wavelengths.

From the ATR spectra of scdiom phenate and NaBS obtained under
labaratory condivions, 14 can be seen that both materlals could be
easily measured to + 0.5% absolute. Calculations were made ‘to deter-
mine the approximate error that would be introduced by the presence
of sodium sulfate, sodium Bulfite, aodium hydroxide and solium
carbonate at the concentration levels present in a .typical stream
in the measurement. of Boiium phenate and NaBS., The results are:

N3BS Measured at 8.52

% 44% NaBS Stresm

0.4 nodium Bulfite 18 equivalen*t to 0.006% NaRS
0.24 sodfium Frydroxide 1a equivalent to 0.06% NaBS
0.06% sodium carbonate 18 equivalent to 0,02% NaB3
0.06% so‘tum prenate 18 eqijvalent to 0.01% NaBS
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gng RNabS Stream

0.6% sodium sulfite is equivalent to 0.01% NaBS
0.2% sodium hydroxide is eQuivalent to 0.06% NaBS
0.08% sodium carbonate 18 equivalent to 0.03% NaBS
2.7% sodium sulfate - negligible contribution

Sodium Phenate Measured at 7.90 Microns

Phenste Slurry

34,84 sodium sulfite 15 equivalent to 0.5% phenate
3.8% sodium hydroxide is 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 calcul)ations, even if the approximations were 1in
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 sodiuvm sulfite.

The results obtained in this investigation indicate that
ATR infrared methods are feasible for the analysis of NaR3 and
sodium phenate atreams in the phenol process. Presently avallabie
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 conatruction of a more rugged ATR unit should be inves-
tigated for application as a plant stream analyzer.

8/62 - B. Katlafsky, R. E. Keller
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SECTION M

Thin Layer Chromatography - Evaluation

Introduction and Summary

Thin layer chromatography (TLC) involving the use of an adsor-
bent spread in a thin layer on & glass plate has been given a
preliminary evaluation. Results obtained with siliclic acid as the
adsorbent show that mixtures of resorcinol, pyrocatechol, phenol,
hydroquinone and phloroglucinol can be separated into components
and identified within 45 minutes using 10%¥ n-butanol in benzene
a8 the eluant. Semi-gquantitative estimations can be made by visuval
inapection. The prime sdvantsges over paper chromatography appear
to be speed and increased resolution. Water content of the adsor-
bent is a significant variable that must be controlled. As with

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

Analytical Studies

The thin f11ms on glass plates used for TLC may be prepared with
8 number of supports including silica gel G, aluminum oxide, Kieselguhr
Q 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.

The chromatographic separatisn Js ceperdent upon the amount of
mcisture 1n the {4lm and upon the mobile solvent used. In the work
with resorcinol, dry platea produced poor separation and tailing.
The freshly prepareld wet plates were put in a desiccator containing
a dish of water to rontrol the moisture. This technique will keep
the film sufficiently wet for a few days. As in paper chromatography,
the selection of a suitable solvent 1s bhased on knowledge of solu-
bilitles, partition coefficients and finslly by trial and error.
in the case of resorcinol, 5% n-butanol in benzene (vol./vol.)was
us=3 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.

The Beparated components were detected by color development with
a coupling agent (p~nitrobenzene diazonium fluoroborate) followed
by alcoholic potassium hydroxide.

The TLC chromatograms are difficult to keep and are somewhat f{ragile.
A solution to this problem 1s the transferral of the chromatogram to
paper with & Xerox 914 copier. Pigure I shows a Xerox copy of a
chiromatogram of individusl compcnerts and an equal mixture of the
resorcinol and related componentis.
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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 quantitative measurements shows that the
yroblems common to paper chromatograms also exist with TLC schemes.
Removal of the spot can be accomplished easlly 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 it necessary to use
very scnsitive 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 quantitetive detcrminations apparently
can be carried out with about the same accuracy obtainable 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 & means of identifying separated components
directly on the silica gel.

1?/62 - 0. Hicks, R. E. Keller
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Figure 1

TLC Chromato ram for Recorcinol
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SECTION N
Evaluation of Tricosane Oxidation Study
by Infrared AnaLyaia_ h
Introduction

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

Summary

Irfrared data were collected from five Dornte oxidation runs.
The samples were analyzed as caplllary films in 0.2 mm. cells
using the atarting 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 III olefins rapidly reach a maximum and
eventually attenuvate to a small fraction of the peak value.

Analytical Studies

Ketone, alcohol and the olefin, RRC=CHa, form immediately and
become the dominant structures early in “he oxidation. Near the
peak of olefin production & wide variety of oxidized products
appear and esters become significant. There is 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 IIXI form, plus a minor amount of trans olefin.

One gas sample from the laboratory 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 quantity.
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Table of Wavelengths Studiel
Function Wavelength Structure
~O-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 sther 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 VeOs, V0, and V0s other
lesser known oxides with empirical formulas that are intermediate
between Vp0s and Vp0e and VpO4 and Va0s. X-ray diffraction data
indicate the possibility of six oxides between Ve0Os and V0, and
one between VpO4 and VsO0s. 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 bondins, in
a series of intermediate oxides.

Summary

Infrared solid state spectra were obtained for Ve0s, V20, and
VeOp dispersed -in KBr in the 2-35 micron region. Subsequent studies
show that radical spectral differences exist for prepared inter-
molecular complexes including VeOs.s, Va20Os.ss, VeOs.q, Ve0s.s,
VgOs.s and VpOq.ss. This work corroborated X-ray diffraction
data and indicates new chemical compounds are produced in the
systems VpOs-VpO4 and Va0,-Vp0s after heating.

Analytical Studies

Vanadium is known to form,in addition to the common oxides
VeOs, V204 and Vp0s, a serles of intermediate or suboxides on
heating the systems:

n VaOs + m VO,
or n VaCe¢ + m V304

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

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

VeOs '
VoOs.s (VaOq + Va20s = V4 0p)
VaOs.33 (2VeNg + VpOs = Vg0,
VeOq.s (TVs0q + 3Va0s = Vap0Dsa)
VaOg.2 (4Vp04 + Vp04 = V005,
VaO4 3 (9V204 + V205 = V3504, )
Va0,

DSW 167189
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VaOs.e {(VeOs + 9V30, = Vtoosog
V20s.g }V.Os + 4Vg04 = V0030
VeOs.7 (3Ve03 + TVeO4 = Vpp0Osoy)

VaOs.97 (VaOs 4 2V04 = Vo0,:)
V2Os.e (2Va0s + 3Ve04 = Vyo0i4g)
VeOs.s {VaOs + VpO4 = V,07)
Va03y.4 (3Va0s + 2V204 = V300:7)
VgOs.ss (2Ve0s + V204 = V@aOy0)
VeOs.s (7VeOs + 3Va04 = VppOsy)
V20s.2 {(4Va0s + Va04 = V;10054)
Va0s.1 (9Va0y + Va0, = VpoOsy )
VeOs

EVOv

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 Figures I and 1I.

R I S

A. V304-V30p System (Figure I)

Vanadium pentoxide (Vp0s) has m very intense, clearly defined
; absorption spectrum with absorption bands at 9.80 and 12.30 microns.
¢ The tetroxide (Vg0) 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 VaO4.a, VoO4.s, VaO4.2 and VpO04., indicate that these materials
are mixturea of V0, and Vo0s. The spectrum obtained for the
material having the empirical formula VpO4.3s shows radical changes
compared to those of Va0, and Vy0as. Two weak bLands of approximately
X the same intensity appear at 8.65 and 8.90 micrcns and a stronger
iy band at 11.24% with a shoulder at 11.70 microns are observed. No
. absorption is found at 9.80 or 12.30 microns, indicating that no
VaOs 18 present. This spectral evidence supports X-ray diffraction
data that the vanadium oxide having the empirical formula VgOq.ss 13
a new chemical entity. '

B. V30a-V;0, System (Figure 11)

Vanadium trioxide {V20y) is practi-ally opaque throughout
the spectral region studied and shows ¢nly an extremely weak absorp-
tion tand at about 10 microns. The tetroxide (VaOq),aAs noted before,
has a weak band at about 15 microns and a very weak, brocad band
peaking at about 9.6 microns. The molecular complexes corresponding
to the empirical formuls~ of VpOs.e, VaCa.7, V2O0s.e7, VoOs.s, VgOs.p
and VpO0s., producte infrared spectra that are devoid of character,
indicating that these are merely mixtures of the Vz;05 and Vg0. enti-
ties. The species Vp0y.4, V503.8 and Vz0a., have a medium intensity
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band at 10.05 microns and Va0s.s has & strong dband at 14.0 microns.
Absorption at these wavelengths i1s absent in both V03 and Va0,
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 VpOs.3s 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 Vg0s3.¢ species, X-ray diffraction data clearly
indicate that VaO0s.ss 18 a new chemical compound.

The appearance of an absorption band in the 10 micron
region in the Vg0s.q, Va0s.¢, VpOs.e and VaOs.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:

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

In this compllation, spectral data observed for the electronic
states of diatomic molecules are used to calculate the vibrational
constants for the system. These conatants 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 per!odic table are:

M (=0) Frequency in cm, ?
Se g6u
™ 1004
v 1003
Cr 886
Mn 831
Fe 870
Co No data
Ni No data

The observed infrared data for V;Os and the suboxides
VaOs.33, VaOs.s3s, VeOs.s, V20s.a and Va203.e¢ Bre:

Oxide Frequency in em,”?}
VaOas 1021
V304q.35 1123, 1156
V203.3s 995

Va0Os. 4 995

VaOs.e 995

Va0s.qa 995
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The close agreement between the observed infrared absorption
frequency and the calculated frequency for the V=0 vibration 1s
interpreted to indicate that the suboxides VzO4.ss, VaOs.ss, VaOs.s,
VeO3.e and Va0s.g 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 stolchio-
metric quantities of VaOs and V04 and one between V0O, and VeOs.

The observed infrared data have been interp:reted to indicate the
presence of V=0 bonding in five of these suboxides. Further 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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