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THE LITERATURE contains numerous references to
synthetic fluids that have properties desirable for lubricant
use (2,4, 6,8,9,11). During the past 10 years the increasing
demand for liquids possessing good lubricity, thermal
stability, oxidation-corrosion stability, low pour points, and
small temperature viscosity coefficients has shifted emphasis
toward the synthesis of various classes of compounds
meeting these requirements, such as ethers, esters, alkyl-aryl
hydrocarbons, halogenated hydrocarbons, and silicones.
The class of compounds that best meets all of the increased
requirements for thermal stability to 550° F. is probably the
ester, and particularly esters of such polyols as pentae-
rythritol and trimethylolpropane, and the esters of such
readily available polybasic acids as sebacic, “isosebacic”
(11), adipic and phthalic acids.

Although a considerable amount of work has been done
in the development of certain ester-based synthetic lubri-
cants, there is little available information describing the
esters of polyols such as pentaerythritol and trimethylol-
propane. Information concerning the rheological properties,
as affected by structure, of these compounds is particularly
lacking. Barnes and Fainman (/) describe several non-
specific esters of the previously mentioned polyols, giving
viscometric and pour point data. Berlow, Barth, and Snow
(2) only briefly mention the aliphatic pentaerythritol esters
as potential lubricants in their survey of pentaerythritol
chemistry. Murphy and Zisman (10) and Cohen, Murphy,
O’Rear, Ravner, and Zisman (4), in their studies of ester
lubricants, include several esters of pentaerythritol and
trimethylolpropane. Murphy and Zisman (10) showed that
generalizations derived from a study of the relationship
between molecular structure and viscosity-temperature
properties of hydrocarbons and monoesters can be success-
fully extended to predict the properties of a variety of
synthetic liquids, including esters.

This study searched for esters of polyols and other
alcohols having minimum viscosity-temperature coefficients
without sacrificing low pour point and good thermal
stability.

EXPERIMENTAL

Synthesis. The simple and mixed esters of low molecular
weight were prepared by refluxing stoichiometric quantities
of the acids and alcohols in a suitable solvent (benzene,
toluene, or xylene) in the presence of a small amount of
p-toluenesulfonic acid. The water of reaction was removed
azeotropically and measured. The esterification was con-
sidered complete when the collected water equaled the
theoretical expected amount. The reaction mixture was
washed with water, dilute aqueous sodium bicarbonate
solution and again with water. After drying the neytral
ester with anhydrous sodium sulfate, the solvent was
removed under reduced pressure. The esters then were
distilled in vacuo.

Esters of higher molecular weight were prepared in a
similar manner; however, to avoid thermal decomposition
they were not distilled. After removal of solvents the
crude ester was stirred with a mixture of decolorizing
charcoal (1 part) and'chromatographic grade alumina (3
parts) at 80° to 100° C. for 1 to 3 hours. Filtration of
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the mixture through a fritted glass plate gave a final
product with a very low neutralization number. Where
no boiling point is reported in the tables of data, this
purification method was used.

Test Procedures. Commercially available ASTM Fenske-
Ostwald-type viscometers were used, and the methods
described in ASTM D445-53T were followed. The ASTM
slopes were calculated from the viscometric data plotted
on ASTM standard viscosity charts.

Pour points were determined as described in ASTM
D97-47 and/or by a similar micromethod which agreed
with results from the macro ASTM method. When crys-
tallization occurred it is noted in the tables.

The procedures described in Federal Specifications
(VV-L-791e method 5103.3) were followed in determining
the neutralization number of the purified esters.

The thermal stability of the compounds was determined
in an apparatus similar to that described by Blake and
others (3). The apparatus provides a method for heating
the test sample in an inert atmosphere. Any volatile
materials produced from thermal decomposition are vapor-
ized from the sample, condensed and trapped in the
apparatus, and thus removed from the test sample. A test
consisted of heating about 20 ml. of the liquid in a nitrogen
atmosphere at 536° F. for 24 hours. After the heating
period, the 100° F. viscosity was determined, and the per
cent change from the pretest viscosity was calculated. If
a large amount of volatile material was collected during
the test, the compound tested was considered to have failed.

DISCUSSION

Pentaerythritol Esters. The pentaerythritol esters syn-
thesized in this research include many structural variations.
Generalizations can be made, some of which are very
similar to those mentioned by Murphy and Zisman (10)
for hydrocarbons and monoesters.

For esters formed by esterifying completely pentaery-
thritol with an acid of definite structure: increasing the
acid chain length results in increased viscosities, higher
pour points and higher freezing points (except for lower
members of a series); and acid chain branching results
in increased viscosities, lower pour points and increases
in the ASTM viscosity slopes.

Other generalizations are made using test data obtained
from esterification mixtures formed by the reaction of a
polyol with an equimolar amount of more than one kind
of an acid. These products are not definite compounds
and consequently the properties obtained may be due,
in a considerable part, to the multiplicity of products as
well as to structural differences. Such generalizations are:
alicyclic groups in the acid moiety increase the viscosities,
generally lower the pour points, but have very little effect
on the ASTM viscosity slopes; mixed open chain acids
generally have very little effect on the viscosities and on
the ASTM viscosity slopes, but tend to lower the pour
points; and mixed open and branched chain acids increase
the viscosities and the ASTM viscosity slopes, and greatly
lower the pour points when compared with analogous open
chain compounds.

(Continued on page 552)
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Table I. Properties of Pentaerythritol Esters

Compd. Acids Used to Molar Ratio __ViscoSit¥, Cs AqTM  Pour  Neut. BP., Thermal®
No.  Esterify Polyol Acid/Polyol 100° F, 210° F, Slope P.,°F. No. n% °C./mm. Hg Stability
Symmetrical Open Chain Esters
1 Ethanoic 4 o . . 180° 0.05 - e cen
2 Pentanoic 4 17.2 3.66 0.76 -70 0.12 1.4480 176-86/0.15 6
3 Hexanoic 4 21.2 4.23 0.76 -65 0.60 1.4519 231-36/0.3 L
4 Heptanoic 4 22.4 4.47 0.74 -25 0.05 1.4530 233/0.1 3
5 Octanoic 4 27.6 5.32 0.70 40° 1.84 1.4542 247-48/0.09 N
6 Nonanoic 4 32.7 5.89 0.69 50° 2.0 1.4554 269-74/0.1 17.4
7 Nonanoic 4 35.3 6.35 0.67 40° 0.05 1.4553 ... e
8  Undecanoic 4 s . e 102° R s
9  Tetradecanoic 4 140° 0.2
10  Heptadecanoic 4 158° 0.35
Symmetrical Branched Chain Esters
11 Isobutanoic 4 7.3 3.42 0.77 113° e e 181/0.6
12 Trimethylethanoic 4 - 12.19 . 178° ... . 145-7/0.08 -
13 2-Ethylbutanoic 4 61.4 6.46 0.83 -30 0.01 1.4526 .. ¢
14°  Isooctanoic 4 75.9 8.44 0.76 -55 0.05 1.4571
Mixed Open-Chain Esters
15 Pentanoic 2 19.6 4.08 0.75 -65 1.0 1.4500 216-33/0.45
Heptanoic 2
16 Ethanoic 2 38.6 5.80 0.75 10° 0.05 1.4528 s 3.1
Decanoic 2
17 Octanoic 2 28.4 4.87 0.76 -65 0.07 1.4530
Ethanoic 1
Hexanoic 1
18 Pentanoic 2 19.5 4.23 0.71 —45 0.05 1.4530 ce. 22.3
Nonanoic 2
19 Hexanoic 3 36.4 6.35 0.69 45 0.05 1.4573
Tetradecanoic 1 '
20 Heptanoic 2 28.7 5.23 0.70 -5 0,02 1.4538 228-9/0.12 2.9
Nonanoic 2
21 Butanoic 1 35.5 6.37 0.67 60 0.07 1.4559
Hexanoic 1
Octanoic 1 '
Tetradecanoic 1
22 Hexanoic 2 36.0 6.20 0.70 30 0.04 1.4579
Undecanoic 2
23 Hexanoic 3 43.5 7.31 0.67 70-80°  0.02
Heptadecanoic 1
24 Nonanoic 2 36.0 6.42 0.68 40 0.04
Octanoic 1
Decanoic 1
25 Hexanoic 2 41.8 7.00 0.67 50 0.03 1.4583
Undecanoic 1
Tetradecanoic 1
26 Pentanoic 2 46.9 7.89 0.66 70-80° 0.08 A ce -3.4
Tetradecanoic 2
Mixed Branched and Open-Chain Esters
27°  Butanoic 2 62.6 7.81 0.74 —45 0.06 1.4586
Isodecanoic 2
28 Hexanoic 2 45.6 6.58 0.75 -65 0.03 1.4561 . 1.9
Isodecanoic 2
29 2-Ethylbutanoic 2 98.5 9.19 0.77 -30 0.16 L .. ¢
Isodecanoic 2
30 Octanoic 2 46.1 6.66 0.74 =50 0.04 1.4559
2-Ethylhexanoic 2
31 Nonanoic 2 45.4 6.81 0.71 -40 0.03 1.4565
Isooctanoic 2
32 Nonanoic 2 43.6 6.41 0.74 -60 0.04 ce 235-75/0.45
2-Ethylhexanoic 2
33 Heptanoic 2 46.1 6.78 0.70 -50 0.01 1.4564 s 3.3
Isodecanoic 2
34 Nonanoic 2 58.0 6.96 0.77 —45 0.63 1.4561
2-Ethyl-4-methyl- 2
pentanoic
35 Hexanoic 1 42.9 6.49 0.72 -60 0.50 1.4559
Decanoic 1
Isodecanoic 1
2-Ethylhexanoic 1

° Per cent change in 100° F. viscosity after heating 24 hours at 536° F. in nitrogen atmosphere.
® Crystalline at indicated temperature.
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Compd. Acids Used to

No.

36

37

38

39

40

41

42

43

44

46
47
48

49

55
56

57

60

Esterify Polyol

Nonanoic
2-Ethyl-4-methyl
pentanoic
Decanoic
Isooctanoic
Hexanoic
Nonanoic
Tetradecanoic
2-Ethylhexanoic
Nonanoic
Isodecanoic
Pentanoic
2-Ethylhexanoic
Undecanoic
Tetradecanoic
Hexanoic
Heptadecanoic
2-Ethylhexanoic
Hexanoic
2-Ethylhexanoic
Undecanoic
Tetradecanoic
Nonanoic
Pentadecanoic
2-Ethylhexanoic
Decanoic
Heptadecanoic
Isooctanoic
Tetradecanoic
2-Ethylhexanoic

Hexanoic
Cyclohexanecarboxylic
Hexanoic
Cyclohexanecarboxylic
Butanoic
4-Cyclohexylbutanoic
Heptanoic
Cyclohexanecarboxylic
Heptanoic
4-Cyclohexylbutanoic
Heptanoic
4-Cyvclohexvlbutanoic
Nonanoic

Benzoic
Cyvclohexanecarboxylic
Hexanoic
Tertradecanoic
Cyclohexanecarboxylic
Nonanoic
Cvclohexanecarboxylic
Nonanoic
Phenylethanoic
Nonanoic
4-Cyclohexylbutanoic
Heptanoic
Tetradecanoic
4-Cyclohexylbutanoic
Heptanoic

Undecanoic
4-Cyclohexylbutanoic
Isodecanoic
Tetradecanoic
4-Cyclohexylbutanoic
Isodecanoic
Heptadecanoic
4-Cyclohexvlbutanoic

Molar Ratio
Acid/Polyol 100° F.

—

RORIRD — H N = = = = RN = RN == = R

Esters Containing Aromatic or Alicyclic Structures

PPN, EFNRPNNRP, PP WRR,WRWHERENDE 2R W WHWR RN NN — W

Table L. Properties of Pentaerythritol Esters (Continued)

42.6

66.6

74.8

63.7

36.7

99.9

79.3

52.2

45.0

49.2

108

54.8

103.4

114.3

Viscosity, Cs.

210° F.

6.66

8.19

6.84

8.41

=
~1
©

9.30

10.37

8.61

5.99

10.10

9.15

8.81

8.42

11.45

12.79

ASTM
Slope

0.71

0.68

0.66

0.67

0.65

0.70

0.73

0.68

0.66

Pour
P.,°F.

-10

-40

40

-60

30

70-80°

40

60

65

70-80°

-65

-30

-45

‘ Prepared from technical pentaerythritol; contains some polypentaerythritols.
‘ Supercooled. * Thermal stability test failure due to formation of volatile materials

Neut,
No.

0.04

0.01

0.03

0.14

0.03

0.19

0.02

0.02

0.08

0.05
0.03
0.40
0.06
0.02
0.33

0.03

0.02

0.13

0.03

0.06

0.02

0.01

0.02

1.4562

1.4588

1.4570

1.4590

1.4562

1.4602
1.4706
1.4702

1.4633

1.4632

1.4760

1.4630

1.4728
1.4619

1.4640

1.4641

1.4667

1.4670

B.P.,
°C./mm. Hg

267-8/0.15

Thermal®
Stability

4.9

6.8

4.4
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Table Il. Properties of Polypentaerythritol Esters

Viscosity, Cs.

Compd. Acids Used to Molar Ratio ASTM Pour Neut Thermal
No. Esterify Polyol Acid/Polyol 100° F. 210° F. Slope P.,°F No. n% Stability®
Dipentaerythritol Esters
1 Butanoic 6 65.0 8.84 0.68 55° 0.03 1.4529 -1.5
2 Hexanoic 6 52.0 8.21 0.67 70-80° 0.06 ce. .
3 Butanoic 3 71.6 9.69 0.67 —40 0.06 1.4569 4.1
Nonanoic 3
4 2-Ethylhexanoic 6 360 21.0 0.72 10 0.61 1.4688
5 Isodecanoic 6 288 20.4 0.67 -5 1.4647
Tripentaerythritol Esters
6 Butanoic 8 115 15.4 0.64 -20 0.04 1.4572 14.9
7 Pentanoic 8 112 13.6 0.64 -50 0.05 1.4580
8 Hexanoic 8 107 13.9 0.61 20 0.02 1.4588
9 Heptanoic 3 115 14.3 0.61 10 0.03 1.4598
10 Hezxanoic 4 234 21.4 0.64 0.05 1.4633
Isodecanoic 4
11 Nonanoic 8 154 17.2 0.63 70-80°
‘Per cent change in 100° F. viscosity after heating 24 hours at
536° F. in nitrogen atmosphere. °Crystalline at indicated tem-
perature.
Table lll. Properties of Trimethylolpropane Esters
Compd. Acids Used to Molar Ratio M ASTM Pour Neut. B.P, Thermal
No. Esterify Polyol Acid/Polyol 100°F. 210°F. Slope P.,°F. No. ng °C./mm. Hg Stability®
1 Nonanoic 1 29.5 4.63 0.71 0.20 1.4428  174-196/0.6 1.1
Trimethylethanoic 2
2 Decanoic 2 23.0 4.40 0.75 -35° 0.05 1.4520 2.3
Ethanoic 1
3 Nonanoic 2 23.1 4.33 0.74 =70 0.07 1.4483  174-202/04
Trimethylethanoic 1
4 Nonanoic 1 45.5 6.25 0.75 -60 0.02 1.4624  187-227/0.35 -8.1
2-Ethylhexanoic 1
Cyclohexanecarboxylic 1
b) 2-Ethylhexanoic 3 30.2 4.42 0.85 -60 0.05 1.4509 s ¢
6  Nonanoic 1 25.5 4.64 0.75 —40" 0.13 1.4838  234-248/0.45  -0.2
2-Ethylhexanoic 1
Phenylethanoic 1
7  Nonanoic 2 42.4 5.89 0.78 -40 0.11 1.4791  255-260/0.8
Benzoic 1
8 Nonanoic 3 22.5 4.63 0.71 -40 0.14 1.4531 204-211,0.1 -3.8
9  Heptanoic 1 22.8 4.66 0.79 -50 0.02 1.4530 e
Decanoic 2
10 Tetradecanoic 1 33.2 5.83 0.70 20 0.10
Pentanoic 1
2-Ethylhexanoic 1
11 Nonanoic 2 37.2 6.25 0.70 -60 0.04 1.4629  234-245/0.45
4-Cyclohexylbutanoic 1
12 Undecanoic 2 45.7 7.84 0.67 -45 0.02 1.4641
4-Cyclohexylbutanoic 1
13 Nonanoic 1 41.9 6.25 0.75 -50 0.04 1.4582 -25.6
Isodecanoic 2
14  Pentanoic 1 36.9 6.74 0.66 =70 0.10 1.4608
Isodecanoic 1
9-Octadecenoic 1
15  Pentanoic 1 43.2 7.35 0.67 70-80° 0.15
Isodecanoic 1
Heptadecanoic 1
16  Pentanoic 1 36.4 6.89 0.65 70-80° 0.04 0.4
Decanoic 1
Heptadecanoic 1
17  Tetradecanoic 2 56.2 8.66 0.65 40 0.04 1.4658
4-Cyclohexylbutanoic 1
18  Tetradecanoic 2 44,1 7.37 0.67 50 0.03 1.4590
Isodecanoic 1

“Per cent change in 100° F. viscosity after heating 24 hours at
536° F. in nitrogen atmosphere. * Crystalline at indicated tempera-

ture. ‘ Thermal stability test failure due to formation of volatile

materials.

550

JOURNAL OF CHEMICAL AND ENGINEERING DATA



"S[ELBIEW S[E[OA JO UOTJRULIO) 0 ONP-SIN[IE] 1503 AIIIGRIS [FWIBY], ,

(2401-9) proe oweqas pue (%8[-gl) Pe JdpelAYIvIp-¢G {(%08-3L) POE oUIQNSAYIe-g JO SINIXTUI [BdISAYd B ST "X N ‘YIOA M3N “00) S[EINUOY.) [BWISNpU] S (] JO 100po1J ,
"armjeradura) pajestpur je aul[[elssr))
azoydsownie usdonu wl " 9EG 18 SINOY §7 Suriesy Jojje AJS00SIA ) (0T Ul a8ueyd Judd 19J ,

16—

Sy

ANGRIS
[ewady I,

089¥'T

096¥'1
ELGV'T

6097°1
099¥°1
08G¥'1T
894Y'1
GESY'T
GLVY'T
1414748

88GY'1
GS9¥'1T
8EIV'T
60971
829V
0971
EaLY'1
LELYVT
GELV'T

YoLV'1
EGLY'T

200 09—
20°0 06—
L0°0 g9
110 OF
60°0 09—
e 08 0L
S0°0 09—
10 09—
e 080
£0°0 6z
LO0 08~
200 09—

'G0°0 L08-0L
Y00 09—
200 0L

07 09—
Ll O

L0°0 09—
10°0 06—
300 0L

€0 -

R 0

"ON ded
RUETN moJg

GL0
L90
L9°0
99°0
¥9°0

690
0L0
L90
0L°0
90
T1L°0
0L°0

£L°0

0L0

0L0
L0
69°0
0Lo
6L°0
980
adolg
W.LSY

I
86 99¢ 1
T
0¢°G 092 I
1
(a8 9°€% 1
!
6L°G 6'8% 1
T
Va'L 768 L
1
669 Lge 1
96°¢ §vE 4
68°9 668 Z
15°9 0¥ Z
08¢ §'0¢ 4
e L1t Z
90°¢ T z
T
LV 71 1
1
6L g'ge .
1
LLY 1°0v I
1
08°g 662 1
I
09°G 364 1
1
[8t4 ¥'0¢ I
00°L e he z
002 9by 7
61°L 6°9% Z
89°L L z
LLTYL (454 4
" 018 " «001 Py / oyoary
“$7) ‘AYISOISIA oney BN

$19453 pPY 2SI Jo senadolg “Af 3|90}

[ouedspRI)d |,

[oued9pOS]
[ouejdoy-1-[AdoiJ-g
[0uBIIPLIIOST

[oyoo[e [Azuag

[OUBIIPLIIOS]

JouRdI3POST

[OUBDIPLIJOST

[ouedapeId()

[oueRIRPLIOS]
[OUBXaYOPPAIAYID N -F
[ouBdIPLIOS|
[oueXayO[oAOAYISIN -F
[OuBI9PLIJOST

[ouBY9PLI}OS]

[ougdapoO(]

[oue()

. [ouexay- 1Ay g
[ouejuad-[-[AyleuI(]-7‘G
[ouBYJoW] AXaYO[I A AYIPN - T
[ouedsapeId()
[OUBYIOUAXIYO[IAD[AYIDA - T
[ouedapLIOS]
[OUeY)oWAXdYO[IAI[AYIBIA -]
[ouesn(q
JOUB)IW[AXBYOJOAI[AYISIAL - T
[ouedaposy
|OUB)19W[AXIYO[IAIAYIBA - T
[oueuON
[0UBYIOWAXIYOPAIAYIDIA - T
|OUBYIDUAXIYOIAI[AYIPIN - T
[OUBYISWAXIYO[IAS[AYIBIN - T
[ouBY 12U AXOYOTOAIAYIBIA - T
[0UeY S UI[AXIYO[IAD[AYIPIN - T
[OUBYIOW[AXIYOPPAOAYION - T

oqoay

S10RqAY
21BGIG
010Bqag
210B(AG

,IDBQIS0S]

RIALT B
RIBLNEN
O10BIG

,010BQISOS|

,O10BQASOST

O0BqISOs]

A10R(asos]

ote[azy
210BGAG
21BYIG
BIRLNES
010Bqag
orlefezy
J10BQaS0S]
orefezy
RIBLLE

ordipejAdoadosy
ordipejAing

Py

£6

GG

13

02

61

551

VOL. 7, No. 4, OCTOBER 1962



s ints,
. iling po
ly have high bo when the
enerally r points, han 0.7.
itol esters g low pou ater tha £
thritol est nd e gre lue o
Pentaery tability, and P e
d thermal stabiltty, and o ade to lower the value of
goo dshave a were m d the e itol using
un hanges w sed an thrito .
compo ural ¢ int increa taery ic acids
When StruCtthe pour poui“grmed from ge&tradecanolfa:sc of
. e, ter ic an his ¢
this slop ize. The es entanoic and al of t was
o to Crys.talg)llar mixture O;Foperties tylz.lcthis COmpOl;;Shritol
= % 1m ] : 0 e
- I g éa u:o an eqzue Table I) hiiscoslty Sl?pir mixed pentri)perature.
cnza 2 g E See (no. ;I‘he AS‘TM in the simple lid at room te thermally
e 3 SIgER - - esters. est attained mster was a so esters are he notable
> DR e
= — = the lOWh wever, the e tions, thes 24 hours, t eb tyrate
esters; ho ry fow excepf 536°F. for the 2-ethylbu
R 2= 8 With ve peratures o Containlng our
© e B8R &3 SS o stable to tenl;eing esters during the p me
s < ‘é’ =R =] E oo 'OnS alline he sa
g2 3333 exc-elityl hich became Crslllsitzed at ab(()utthér esters,
Z moilety. s whic rysta ials (o ints.
esters wi also crys ateria poin
Those inations d with m er pour itol
. eterml blende . uch low erythri
5 oint d hen ving m f pentaersy m
= = p ature w ns) ha ! rade o red fro
s saks s i
o rech o ©B o thers, red fr eristi iscos e
3°. 28888 e e repa haract - The v wer, du
S o E,St;f;ssgme genfrale%taerythrlto'lﬁts Somewhal;E lotechnical
hadt de of p our points Is in the
ra s
o o a: purehagt hlgher a?dp:;}l];pzntaerythrlto dl' and
S VLR omew, e 0 from : :
S2E EEEE 5EF iomemfﬂﬁ EMHSWWM§WMYV$%$
ZLazx3 S =< taerythritol. | Esters. to be ex ble II,
=g % = pen taerythrito xpected d 7in Ta tv can
3% < Polypen itol were ex] 3, 6, and 7 i property can
< rvthri Nos. 3, s this ipentaery
<+ . ipentaery f these, N Perhap d tripe
~ T ~aRe trip some 0 oints. ono and U and to
- SEE =8x3 =T = however, ly low pour p ounts of m aerythritol L (5).
= 559 o : = surprisingly d to small am nt in dipent taervthrito ss
o N 1 ed s . e R ipen Y : a
e NEZ ibute res tripe itol p
S5 - be -ittlrreported o bso}r)nlwundS of tripentaerytssrterl The
o thrito - and di- sters oate este he
e e = o the mono- a f the slmple ehe Octapentanf und with t f
g R §IX oints of with t were fo ly three o
n g B oo e 2 = LUBRE — = Pour ph a minlmurln es however’ esters. Onhy thermal
[%) e 2 B — 2N M : opes, te . e
L == =3 through a ity s tanoa n t d
% 2 < V1SCOS$ Ctahep, ividually I TV g00
Ll: — ﬂattisetxanoate and 2ested lndl\éldgl exhibited C\lls }‘or the
> ta ere an ma
0 oc s w .1 . be
ste 08 can
g theS? . € paratus. N planatlon ta for
= — bility appar No ex 6 ives the da
Re) £Z b SN sta 1 tability. of No. 6. IIT gives pour
:  £2 ~mood e econit S - They had very low Their
2 = o1~ ter vi opane Esters. ey hac opes. -
2 : g N~ gr?rarime'hylolper:Opane eSterSS;FI;Fd viSCOsliy slljsppentaery
5 3 trimethylo p'vely flat A h the analog
2 = ] the d relati han bot umber
2 , g ints an lower tha ters. ies of a n
5 = E po sities were taerythritol est al properne}sV Molecular
g = ® visco lypenta hysic ble IV. s in
o = 5 .2 itol or poly The p! in Ta ester
P E - = = rito . ters. di . ese
o 2 g % § z th|:)i,bc15ic Ac‘d. B ters are llSteropertleS of thn and others
> T35 LY £ e e e bed by Cohen and of the
ESE<5§ RS = of di hanges descr ar struc V.
K SESS = S5 ¢ s ural cha those lecular in Table
= EEEEY E§3E < struct imilar to tk of mo data in lecule
o REEXE £5ET e very s effects from the he molect
Pt 2ESC -~ g=g<o © 3 ways further seen Ir ition of t oint
N SE 2% . : 8 A few ies can be inal positi our po
ZRERT g2 4 o 4). ties ¢ nal p the pour lar
T Faz- = %5 g g o 8 ( ical proper in a term lowers f simila
s &S EEITE 3 £ = ical p rein a te nd lo do
=L % EESEE 3 ~ hys . ructu . ity a ' oun tyl
2ERT 2 —ci‘?—ﬂ“n's- 2% PaysK clicst viscosity 1 compoun the octy
£5-53 g % ©ETE EE=x 24 An ahcy‘ ses the en-chai V with . ity
g e £ § S E i 22§ £3 reatly increa d with an OpNo. 3, Table Iffect on Vlsco-sté
FZEEF 25513 SIRE @ ¥ ghen et (compare d 13). The e ly intermediate.
3 P,a“w{ I -a £ g w T weig 12 an ition is on atly in-
32545 2 SRR zais e i smlar £ acid moleculs the ASTM
< ATRI3 £ g Sebacatematic ring in 2}116 dibasic aci increases the
; 2 go & fanaro ing in t derately 1
= o ing ode s stable
: SEL | ofan: i viscosty and m are thermally stable
3 =52 . in an
§ o é _g‘éé Crease'st; slope. dibasic acid %'setger%. Whenl 1151 that was
I o = R3] s 22 viscosi 1 the di st & his clas y from
= = 3] class t lea of t ster
€5 25 3 gE8 As a es of a ound as an ¢
& X £ 2 £ g 8.2 eratur comp S18) w
<2 52 £ % =2 & to te;;lﬁere. T}i‘e sn(l%able Iv, ESS expected'propertieS f(ﬁ
<3 285 2 =R T2 atmo failur is failure was the t fa
23 € Ex S g 28 ERS-S idered a 1. This V lists do no
fE.. 558 2858 B S 8 consi alcohol. Table ied that ounds
T8 R g5 ¢ I =] ndary ters. studie comp
S T 588 SESEES: 2 ge= a seco ous Esters. d and lly, these e less
B - geY g ST % = T Zaw T iscellane thesize Genera Y, hat ar
RS 28 £ > Mis syn es. ionships t es.
SSEEE PIEES T 5 : esters class lationship ster typ
S EES SIE O~ rious above ity rela ioned e he
m 3 e Z o O < . . va into the iscosity ention se of t
HO'Z e —m = - directly i erature-v viously m han tho
— rev er tha
oo DOSSEss tempn those of p re also lower
- irable ilitie
Es mnme desirabl thal stabilities a
£z Their therma
© other esters.

TA
ING DA
GINEER

F CHEMICAL AND EN
AL O

JOURN

552



ACKNOWLEDGMENT

The authors express gratitude to Texaco, Inc. for
sponsoring this work and for permission to publish this
article. They also thank Susan Pyle and C.D. Smith for
their assistance in this work.

LITERATURE CITED

(1) Barnes, R.S., Fainman, M.Z., Lubrication Eng. 13, 545 (1957).

(2) Berlow, E., Barth, R.H., Snow, J.E., “The Pentaerythritols,”
Reinhold, New York, 1958.

(3) Blake, E., Edwards, J., Hammann, W., Wright Air Develop-
ment Center, Tech. Rept. 54-532, 76 (1955).

(4) Cohen, G., Murphy, C.M., O'Rear, J.G., Ravner, H., Zisman,
W.A.,, Ind. Eng. Chem. 45, 1766 (1953).

(5) Hevden Newport Chemical Corp., New York, Tech. Buil.
PE 3-55, PE 2, 1956.

(6) Larsen, R.G., Bondi, A., Ind. Eng. Chem. 42, 2421 (1950).

(7) Mahoney, L.C., Kevlin, W.M., Barnum, E.R., Sax, K.J.,
Armed Serv. Tech. Inform. Agency Doc. No. AD 130925,
1957.

(8) Mahoney, L.C., Kevlin, W.M., Barnum, E.R., Sax, K.J,,
Saari, W.S., Williams, P.H., Armed Serv. Tech. Inform.
Agency Doc. No. 155862, 1958.

(9) Murphy, C.M., Ravner, H., Ind. Eng. Chem. 44, 1607 {1952).

(10)  Murphy, C.M., Zisman, W.A., [bid., 42, 2415 (1950).

(11)  Wright Air Development Center, Wright-Patterson Air Force
Base, Ohio, Tech. Memo. WCRT 56-164, 1956.

RECEIVED for review September 2, 1960. Accepted May 28, 1962.

Preparation and Properties of Some N-Aryl Hydroxamic Acids

S. G. TANDON' and S. C. BHATTACHARYYA
The National Chemical Laboratory, Poona 8, India

N-Phenylbenzohydroxamic acid, introduced by Shome
(13) as reagent superior to cupferron, has found extensive
analytical applications (2, 70-12). A recent search (15) for
analogous reagents with more desirable analytical charac-
teristics produced several hydroxamic acids

R—N—OH
|
R-—C=0

in which R, and R. are substituted by aryl, furvl, thienvl,
etc. Preparation and properties of these substituted hydrox-
amic acids are presented here. Spectral properties in ultra-
violet and visible regions, solubility in water and organic
solvents, and storage qualities important for characteriza-
tion and analytical application of hydroxamic acids are
described. Of the 22 hydroxamic acids described here eight
were previously prepared by other workers, but some of
their properties are recorded for the first time.

The general methods employed in the synthesis of
hydroxamic acids are outlined by Yale (I7) in a well
documented review article. We prepared these by reacting
N-aryl hydroxylamines with acid chlorides at low tempera-
tures in an ether solution buffered with pyridine (/5). Both
mono- and di-substituted derivatives are formed showing,
thereby, that both of the hvdrogen atoms of N-aryl hydrox-
ylamine are attacked. Mono-derivatives are soluble in
ammonia and are separated from the di-derivatives
by taking advantage of this property.

‘Present address, Department of Chemistry, Mahakoshal Mahavi-
dvalaya. Jabalpur, India.
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EXPERIMENTAL

Materials and Apparatus. All hydroxamic acids were
recrystallized from mixtures of benzene and petroleum ether
at least two times and were vacuum dried. For preparing
standard solutions, a small quantity of each hydroxamic
acid was weighed on a Mettler microbalance and was
dissolved in spectroscopic grade of 95°¢ ethyl alcohol or
glass-distilled water. Graduated apparatus of standard
calibration was used for measurements.

Ultraviolet and visible absorption spectra of the hydrox-
amic acids'were scanned on a Beckman Model DK-2 ratio
recording spectrophotometer using two 10-mm. matched
silica cells. The absorption measurements, made at constant
wavelength for the calculation of molar absorptivity, ¢, were
performed on an Unicam SP 500 spectrophotometer. Molar
absorptivity is expressed in units of liters per mole cm.

Preparatien. N-Phenylhydroxyvlamine (5), N-1-naphthyl-
hvdroxylamine (74), and N-p-tolylhvdroxylamine (15) were
freshly prepared and crystallized from a mixture of benzene
and petroleum ether before use.

All acid chlorides used in this study were prepared by
the action of thionyl chloride on the corresponding acids.
An excess of thionyl chloride was employed and the reaction
mixture heated on the steam bath for 1 to 2 hours, after
which the excess of thionyl chloride was distilled off and
the acid chloride obtained by distillation under reduced
pressure. The boiling points and the yields of these acid
chlorides were in agreement with literature values (76).

Procedure for Synthesis. One molar proportion of N-aryl-
hvdroxylamine was dissolved in liberal excess of cold diethyl
ether and the solution stirred mechanically with external
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