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Abstract 
Pure n-trideeyl, 7-tridecyl and oxo-tridecyl poly- 

ethylene glycol monoethers, ClaH270 (C2H40) nil, 
were made by the Williamson reaction with n = 
4,6,8,10 and 12. Related crystalline diethers de- 
rived from n-tridecanol were made 'in the range of 
4-16 oxyethylene units. 

The compounds were extensively purified by 
crystallization (where applicable) or by chroma- 
tography and distillation. The final :products are 
new compounds important for comparative stud- 
ies of surface properties. Characterizing con- 
stants and physical properties including those of 
a large number of pure intermediates are re- 
ported. 

All but the lowest member of the n-trideeyl 
monoether series are crystalline, melting between 
26 and 40C. The related diethers melting between 
37 and 50C have a minimum melting point when 
they contain between 6 and 8 oxycthylene units. 
The oxo-tridecyl and 7-tridecyl monoethers are 
liquids. 

Introduction 

E THYLENE OXIDE ADDUCTS o f  higher alcohols have 
become important to the detergent and emulsifier 

industries. The complexity of such commercial prod- 
ucts derives both from the mixture of branched start- 
ing alcohols used and from varying amt of ethylene 
oxide added to each molecule of alcohol. Knowledge 
of the properties of individual units of such products 
is clearly valuable in furthering industrial develop- 
ments, in predicting performance, and in the design 
of surfactants with specific properties. During basic 
surface chemical studies of polyoxyethylene alcohols, 
however, the difficulty of obtaining individual com- 
ponents of known structure in high purity has fre- 
quently obstructed the experimental approaches to 
the problem. 

Published research activity in this field has therefore 
been limited and of very recent date. I t  is generally 
concerned with attempts to prepare compounds of 
known structure bearing similarity to surface active 
species and with physical measurements on these. 
Elworthy et al. (7,8) have reported syntheses in a 
series of hexadecyl monoethers of high tool wt poly- 
glycols during 1962 and 1963 in connection with a 
study of mieellar properties of surfactants. Lauge 
(14,15) and Crook et al. (6) have discussed properties 
of similar series of compounds but have not given any 
synthetic details. Several others (3-5,11,12,17,21) 
have reported related compounds with six or fewer 
oxyethylene units. Also, Mansfield and :Locke (16) 
have very recently reported the first ten members of 
a series of polyethylene glycol monoethers of para- 
( 1,1,3,3-tetramethylbutyl ) phenol. 

Our studies of polyether surfactants were con- 
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cerned, by contrast, with a differentiation within the 
fat ty alcohol radical, i.e. with three different tridecyl 
groups: 1) n-trideeyl to obtain data specific to an 
unbranched alkyl chain, 2) 7-tridecyl--to show the 
effect of center branching, 3) oxo-trideeyl, a commer- 
cial mixture of branched-chain groups of the tetra- 
methylnonyl type--to show the effect of complex 
branching and to relate our studies to commercial 
products. 

These compounds provide an interesting oppor- 
tunity to study simultaneously the effect of the struc- 
ture of the lipophilie group and the length of the 
hydrophilic chain. An initial report of some surface 
chemical measurements in this series of compounds has 
appeared in the literature (1) and the publication by 
Becher of the remaining studies is expected soon. 
A description of the synthetic work involved and the 
tabulation of characterizing constants and analyses 
of the products under study is provided by the present 
paper. I t  outlines how each of the ism,nerie trideeyl 
alcohols which we chose was reacted in a stepwise 
fashion to make polyethylene glycol monoethers con- 
taining precisely 4,6,8,10 or 12 oxyethylene units. 

A summary of the reaction sequences leading to 
intermediates and the final products is given in Figure 
1. 

Experimental 
Preparation of Intermediates 

A. GLYCOLS 

Tri-, tetra- and pcntaethylene glycols were isolated 
from commercial products by fractional distillation 
and shown to be >99% pure by GLC. 

Hexaethylene glycol was made from diethylene gly- 
col (Eastman, bp 129-130C/20 mm) and redistilled 
dichloroethyl ether (bp 72C/16 ram) by Hibbert's 
(9) method. I t  was obtained in 48% yield; bp 169- 
170C/0.12 mm (lit.: 166-168C/0.015 ram), nD 2° 1.4644 
and hydroxyl number equal 98% of theory. 

Octaethylene glycol was similarly made from pure 
triethyleue glycol and dichloroethyl ether. Sodium 
hydride dispersion in mineral oil was used instead 
of sodium metal to prepare the alcoholate. The prod- 
uct was purified by distillation, preferably after ion 
exchange. I t  was obtained in 30% yield; bp 209- 
220C/0.05 mm (lit.: 206-209C/0.015 ram), nD 20 1.4647 
and hydroxyl number equal 102% of theory. 

An alternate purification of the glycol via acetyla- 
tion of the crude product before distillation did not 
improve the yield. Octaethylene glycol diacetate was 
obtained in 20% yield; bp 193-209C/0.03 ram, n D 20 
1.4562 and saponification equivalent equal 93% of 
theory. 

B .  TRIDECANOLS 

1-Tridecanol was made by the Grignard procedure 
of N. Turkiewicz (20) using 1-bromododecane (East- 
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TABLE I 

Preparat ion of Alkyl Chlorides 

Starting alcohol Method 

1-Tridecanol ............................................................................ A 
Tetraethylene glycol mono-n-tridecyl ether .............................. / A 
7-Tridecyloxyethanol . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  I B 
Tetraethylene glycol mono-7-tridecyi ether . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  ] B 
o x o - T r i d e c a n o I  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  I A 
Triethylene glycol mono-oa~o-tridecyl ether .............................. I A 
Tetraethylene glycol m o n o - o x o - t r i d e c y l  ether .......................... I A 

lad 20 

1.4448 
1.4539 
1,4448 
1,4515 
1.4485 
1.4550 
1.4:563 

bp C/ram 

103/0.5 a 
180-185/0 .13 

110/0,3 
160/1 

64-  69/0,7 
160-168/0 .7  
142-152/0 .07 

Yield % 

75 
49 
83 
62 
85 
60 
68 

Chlorine 

Calcd. Found 

16.2 16.2 
8,98 9.67 

13.49 13.4 c 
8.98 9.0 a 

15.98 b 15.87 
10,02 b 10.03 

8.91 ~ 9.06 

a Lit. (19 ) :  bp 135.7-136°/9  ram. 
Eq, w~ of oxo-trideeanol was 203.5 (based on hydroxyl number determinat ion) .  

e Other Analyses: Caled. : %0.  68.54-; %I-I, 11.86 
Found : %C, 68.72 ; % H ,  15.02 

a Other Analyses: Galed. : %C, 63.85; %H,  10.97 
Found: %C, 64.34; %H,  15.02 

man #896, mp --11 to -9C,  refractionated, bp 69- 
70C/0.03 ram, nD 2° 1.4583, 99% pure by GLC) and 
" S u p e r f y d e "  paraformaldehyde. The yield of puri- 
fied product was 78% ; bp 106C/0.45 ram, fp 31.5C and 
>99% pure by GLC. Lit. (20): bp 152C/14 ram, 
mp 30.5C, yield 60%. 

7-Tridecanol was made in 70% yield by Grignard 
reaction from 1-bromohexane (Eastman, refraetion- 
ated, >99% pure by GLC) and ethyl formate by 
adaption of the method for di-n-butyl earbinol (2). 
The product melted at 41-43C and was >99% pure 
by GLC. Lit. (13) : m p  41~I2C. 

oxo-Tridecyl alcohol (Enjay  Chemical Company, 
chemical grade) was used as received: hydroxyl num- 
ber, 276 (ealcd. for (?t3H27OH: 280), nD 2° 1.4480. 

C.  7 - T R I D E C Y L O X Y E T H A N O L  

Methyl 7-Tridecyloxyacetate. 7-Trideeanol, dissolved 
in diglyme, was converted to its sodium salt by the 
addition of an equivalent of sodium hydride dispersion 
and heating briefly to 165C. An equivalent of sodium 
eh]oroaeetate was added in portions at 140C, and the 
reaction was completed by heating at 165C for one 
hr. The reaction mixture was poured into dilute 
H2S04 arid crude 7-tridecyloxyaeetie acid was isolated 
by extracting with petroleum ether. The acid was 
methylated in methanol solution with an equivalent 
of 2,2-dimethoxypropane with HySO,~ catalyst. The 
crude ester was isolated by neutralizing with sodium 
bicarbonate solution, extracting it wit:h petroleum 
ether, drying and vacuum stripping. [t was frac- 
tionally distilled twice. Methyl 7-trideeyloxyaeetate 
was obtained in 51% yield ; bp 115-118C/0.2 ram, nD e° 
1.4387. 

Analysis: Caled. for C16H320:,: %C, 70.52; %H, 
11.84. Found: %C, 70.52; %H, 11.90. 

7-Tridecyloxyethanol was made by reducing methyl 
7-tridecyloxyaeetate with lithium aluminum hydride 
(18) in ether at 35C. The product, purified by distil- 
lation, was obtained in 94% yield; bp 110-111C/0.2 
ram, nD 2° 1.4440. 

Analysis: Caled. for C15H3e02: %C, 73.71; %H, 
]3.20; OH# 229. Found: %C, 73.42; %H, 13.32; 
OH# 225. 

pyridine was added. The ehlorosulfinate was decom- 
posed by heating the solution at ]00C for three hr. 
The product was isolated by dissolving the reaction 
product in benzene (or better, heptane), washing with 
dilute sodium carbonate and water, and vacuum 
stripping. Emulsions made the extractions difficult. 

Method B. The alcohol was added dropwise to a 
200.% molar excess of thionyl chloride at 0 35C. The 
formation of the chlorosulfinate was completed at 60- 
80C for one hr. The excess thionyl ehloride was re- 
moved and the ehlorosulfinate decomposed in vc~cuo 
(,5-10 ram) by gradually raising the temp to 120C 
until the evolution of sulfur dioxide ceased. The 
residual alkyl chloride was dissolved in ether and 
extracted with sodium bicarbonate solution before it 
was distilled. 

The preparation of seven alkyl chlorides by these 
methods is summarized in Table I. 

E ,  P O L ] ~ E T t t Y L E N E  G L Y C O b  ~([ONOTRIDECYL E T H E R S  

General Method. These compounds were made by 
the Williamson synthesis. The alcoholates were formed 
by reacting metallic sodium (or better, sodium hydride 
dispersion) under nitrogen with an excess of the gly- 
col (8-20 equivalents) at 27-115C until gas evolution 
ceased. An equivalent of alkyl chloride was added at 
125-145C and the mixture heated at 18~200C for 
several hr to form the monoether. The reaction mix- 
ture was worked up by filtering the salts, vacuum 
stripping the volatiles and washing the product in 
chloroform solution with water. Crude yields ranged 
from 52-89%. The products were further purified by 
crystallization (where applicable) or by column chro- 
matography on silica gel and distillation. 

Triethylene glycol mo~o-oxo-tridecyl ether was made 
by the General Method using a nine equivalent excess 
of glycol. The reaction mixture was filtered, diluted 
with a 1:2 mixture of benzene and heptane, heated 
briefly, and the lower phase, excess triethylene glycol, 
discarded. Additional glycol was removed by aqueous 
extraction. The crude product, obtained in 87% yield 
upon evaporation, was directly used to make the 
chloride (above). 

] ) .  CI-ILORIDES 

Two general methods were used for making the 
tridecyl chlorides and related compounds. The py- 
ridine method (A) was an adaptation of the procedure 
recommended by Gerrard (10). 

Method A. The alcohol was dissolved in a 30% 
molar excess of pyridine and a 30% excess of thionyl 
chloride was added at 0-30C (usually 5-15C). If  
the reaction mixture became excessively thick, more 

F i n a l  Products  

A .  M O N O E T H E R S  

The 15 polyethylene glycol monotrideeyl ethers 
were prepared by the General Method (above). The 
crude yields and methods of purification are listed 
in Table II. 

Tables listing the paths of preparation, yield of 
the purified products, melting points or refractive 
indices, and analyses are given below. 
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TABLE I I  

Purification of the Polyethylene Glycol Menetridecyl Ethers A. 

n-Trideeyl ethers 

Glycol ~rude 
units gield % 

4 7 5  a 
6 85 a 
8 89 

10 66 

12 52 

Purified by 

Distillation; bp 191-192C/0.23 ram; nD 20 1.4533. 
Recrystallization from hcptane and acetone. 
Methanol fractional crystallization. 
tgecrystallization from hexane and acetone or silica gel 

chromatography of mother liquors. 
Recrystallization from methanol, hexeme-aeetone, acetune 

a.nd petroleum ether-benzene. 
Silica gel chromatography, Recrystallization, twice from 

acetone. 

oxo-Tridecyl ethers 

3 87 Not further purified prior to conversion to chloride. 
4 76 Two distilIations bp 173-182.5/0,3 ram. 
6 75 DARCO b treatment. 
8 74 Silica gel chromatography, DARCO b treatment. 

10 65 l Silica gel chromatography. DARCO b treatment.  
12 62 t Silica gel chromatography, twice. 

7-Tridec I ethers 

4 c 140C bath tamp 
6 Alumina chromatography. 160C bath tamp 
8 165C b~th tamp 

10 Molecular distillation at 1 g. 180C bath tamp 
12 200C bath tamp 

a Diether also isolated. 
b Atlas Chemical Industries, Inc. t rademark.  

Trltyl ether; nD-"° 1,5245, Analyses: Caled. for C~H~sO~: 
%C, 77.63; %II ,  9.45 

Found %C, 77.45; %t t ,  9.58 

B .  D I - n - T R I D E C Y L  E T H E R S  

Tetraethylene glycol di-n-trideeyl ether was ob- 
tained by filtration of the distillation residue from 
the monoether synthesis and purified by repeated 
crystallizations from methanol, rnp 39-40C. 

Hexaethylene glycol di-n-tridecyl ether was ob- 
tained on evaporation and part ial  crystallization of 
the heptane mother liquors f rom the hexaethylenc 
glycol monoether preparation.  Fi l t ra t ion and recrys- 
tallization from methanol yielded the pure diethcr, rap 
36.5-37C. 

Data on these and the higher diethers are sum- 
marized below. Di-n-tridceyl ethers of oetaethylene 
glycol up through hexadecaethylcne glycol were pre- 
pared according to the General Procedure  given 
below. Somewhat higher yields of the diethers may 
be expected if a longer reaction time at 200C is used. 

General Procedure. The reaction was carried out 
under  nitrogen with 15% excess te traethylene glycol 
mono-n-trideeyl ether monochloride over the selected 
polyethylene glycol mono-n-tridecyl ether in the pres- 
ence of the calculated amounts of sodium hydride 
dispersion. The alkoxide was formed at 27-120C, 
the chloro derivative added at 140-160C and the re- 
actants heated two hr at 200C. The product  was 
purified by taking the reaction mixture up in chloro- 
form, extracting with water, filtering through Super 
Col (to remove traces of mineral oil f rom the sodium 
hydride dispersion) and then repeatedly recrystalliz- 
ing it f rom alcohol. 

Discussion 
Our synthetic approach was designed in such a way 

that  difficulties associated with prepar ing  many of the 
long-chain polyethylene glycols in practical yields and 
unquestionable pur i ty  were largely avoided. We chose 
to employ glycols up to the octaethylene derivative in 
our work. Those through pentaethylene glycol were 
obtained by fractionally distilling commercial prod- 
ucts while hexa- and octaethylene glycol were made 
by Hibber t ' s  method (9).  Coupling of shorter frag- 
ments of monoethers with the more readily accessible 
polyethylene glycols to yield final products introduced 
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]~CI + tt (OC~H,) ~OH/NaH = R (OC~H,) ~OH 
n - - 3 ,  4, 6 

oxo-C~s~ 
B. R(OC~tL)~CI + H (OCpH,) hOH/NaH = t~ (OCpH4).OH 

a~ ~-1, 3, 4 
b-~-3,4, 5, 6, 8 

6, 8, 10, 12 

oxo--C~3I-I~ 
7--C~3H2~ 

C. t~(OC2It~) ~C1 + R(OC~H~).OH/Nail = R(OC2H4) 4..OR 
n--4, 6, 8, 10, 12 
R~n~ ~CI~H~ 

D. C1CH~COONa + ROH/NaH = ROCHpCOOR' 

R'--Na, It, and CH3 
ROCH~COOCHs + LiA]H~ = ROC~It40H 

Fie. I. Summary of reaction sequence. 

a :measure of flexibility into the overall synthetic 
sequence. Key intermediates which were used in sev- 
eral subsequent steps and the s tar t ing materials (al~ 
eohols, chlorides, glycols) were synthesized on a larger 
scale, i.e. yielding 150~-200 g of pure  product.  The 
scale of the final preparations was then adjusted to a 
level which would yield 15-25 g of purified product  
for s tudy of surface properties. 

In all syntheses pur i ty  ra ther  than yield was em- 
phasized. With  the exception of some examples in 
the preparat ion of diethers cited under  Experimental ,  
however, the yields given in the Tables represent  
practical  values generally to be expected for the 
specific reactions described. The pur i ty  of the final 
products was insured by using pure  s tar t ing materials, 
selecting reactions which give specific products  and 
careful final purification. The volatile intermediates 
were analyzed by GLC and used only when found to 
be > 9 9 %  pure. 

Ethers of n-Tridecanol. In  the n-tridecyl series the 
lower monoethers were made by coupling n-tridecyl 
chloride with tetra- and hexaethylene glycols in the 
Williamson synthesis (Fig. 1,A). The higher mem- 
bers were made by chain extension. That  is, the free 
hydroxyl  of tetraethylene glycol monotrideeyl ether 
was converted into the chloride, and this complex 
alkyl chloride was used :in Williamson syntheses with 
tetra-, hexa- and octaethylene glycols to make products  
with 8,10 and 12 milts (Figure  1,B). These syntheses 
were greatly simplified by using sodium hydride  dis- 
persion in mineral oil, instead of sodium, to form the 
aleoholates. 

Diethers with 4 and 6 oxyethylene units were ob- 
tained in low yield by crystallization from crude prep- 
arations of the related monoethers. The higher mem- 
bers of this series were made by coupling monoethers 
with 4,6,8,10 and 12 oxyethylene units with the mono- 
ether monochloride with 4 units (Fig. 1,C). These 
diethers served as crystalline derivatives to fu r the r  
characterize the monoethers. 

Table I I I  summarizes properties, synthetic routes, 
yields and analyses of the monoethers and dietbers 
based on n-tridecano]. 

Ethers of 7-Trideca~gl and oxo-Tridecyl Alcohol. 
The 7-tridecyl ethers could not be prepared direct ly 
by the Williamson reaction because 7-ehlorotridecane 
is readily dchydrochlorinated by alkoxides. However, 
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TABLE III 

Products  B a s e d  on n -Tr idecano l  

A. Monoethers ,  R- -~n- -C~H~ 
R (OC2H4)aC1 + Na ( O C 2 t L ) b O H  --* R (OC2H~)nOH 

S t a r t i n g  
ma t ' l  P r o d u c t s  

E tO  E tO 
un i t s  units  

( a )  (b)  

°i 0 
4 
4 
4 
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TABLE IV 

IVfonoester Products Based on 7-Trideeanol and Oxo-Tridecyl Alcohol 
1% (0(~2H4) aCI ~- Na (002H4)  bOH = 1% (OC2H4)nOH 

A. R --~ 7 -Tr ideey l :  (C6H13)~CH-- 

] [ I Ana lys i s  

E:itOs Y ~ l d  m p  °C - Calcula ted  F o u n d  (n )  7o _ C a l c u l a t e  

4 47 25 66.98 11.78 66.93 11.81 
6 50 26 --27 ] 64.62 11.28 64.22 11.72 
8 59 33 --34 [ 63.01 10.94 63.45 11.57 

10 51 3 7 . 5 - 3 8 . 5  | 61.84 10.70 61.95 11.51 
12 I 35 /40 --41 | 60.96 10.51 60.90 I 11.14 

B.  Die thers ,  1%=n--ClaH27 
1% (OCeH4) aC1 -~ Na  (OCeH~)bOR--> 1% (OC~H4)n01% 

Start ing  
m a t ' l  P r o d u c t s  

Ana lys i s  
E tO  

units  
(n )  

4 
6 

, 8 
10 
12 
14 
16 

Yieh rap, °C % 

3 6 . 5 - 3 7  
i~ 37 -38 
16 42.5--43 
25 46 --46.5 
23 47.5--48 
30 49 --49.5 

Calcula ted  F o u n d  

73.0~6- 1 2 . 6 ~ - - 7 3 . ~  13.3-'-~ 
70.54 1 12.15 1 7 0 1 8  112.76 
68.62 I 11.79 [ 68.65 I 11.96 
67.11 i 11.51 ] 66.98 [ 11.78 
65.90 [ 11.28 [ 65.73 I 11.24 
64.90 11.10 [ 64.78 I 11.21 
65.05 10.94 [ 63.77 [ 11.13 

E tO  E tO 
un i t s  un i t s  

(a )  (b)  

0 4 
0 6 
4 4 
6 4 
8 4 

10 4 
12 4 

S t a r t i n g  ma t ' l  P r o d u c t s  

sodium 7-trideeyloxide was condensed with sodium 
chloroaeetate (which cannot be dehydrochlorinated) 
with good results (13). The alkoxyacetate formed 
was reduced to the hydroxye thy l  derivative of 7- 
tridecanol (F igure  1,D). The chloride f rom this al- 
cohol was then condensed with tri- and pentaethyl-  
ene glycols to give the first two monoethers in the 
7-tridecyl series. The higher members of this series 
were made f rom the lower members by the methods 
described for  the n-tridecyl compounds. 

The t r i ty l  ether of te traethylene glycol mono-7- 
t r idecyl  ether was prepared  and purified by chroma- 
tography  and molecular distillation. Although it had 
the p roper  analysis, it was not crystalline as might  
be expected f rom the experience of Gingras and Bayley 
(12) with similar t r i ty l  ethers. No fu r the r  a t t empt  
was made to prepare  crystall ine derivatives in the 7- 
t r ideeyl  series. 

The oxo-trideeyl ethers were made by  the methods 
given for  the n-trideeyl ser ies .  Since the s tar t ing al- 
cohol was a mixture  of isomers, the products  were 
also complex and the purification was necessarily re- 
stricted to homogeneity with respect to length of the 
hydrophil ic chain. By  the use of chromatography  on 
silica gel, small amt  of diether and residual glycol 
were removed and fract ionat ion of the isomers result- 
ing f rom differences in the alkyl group was avoided. 
Distillations of volatile intermediates were carried 
out with the same intention and a somewhat  wide 
range in boiling point  reflects the presence of isomers 
within the complex alkyl group. 

Table I V  summarizes the data  obtained in the syn- 
thesis of the 7-trideeyl and oxo-trideeyl monoethers. 

Chlorides were p repared  f rom alcohols either by  
use of thionyl chloride in pyr idine or by use of excess 
thionyl chloride without other solvent. Yields were 
similar for  both procedures but  the la t ter  gave less 
trouble with emulsions dur ing work-up of oxyethylene 
derivatives. 

The melt ing points listed in Table I I I  show a mini- 
mum in the di-n-tridecyl ether series near  6 or 8 oxy- 
ethylene units. I f  the s ta r t ing  alcohol is considered 
the first member  of the mono-n-tridecyl ether series 
(with n = 0), a min imum melt ing point  may  be ob- 

EtO E tO 
un i t s  un i t s  
(a) (b) 

1 
4 
4 
4 

uE:itO s Y ~ l d  n~)2 o 
( n ) -/o 

6 I 70 I 1.4536 
8 ] 68 I 1.4560 

10 a [ 66 [ 1 .4574 
12 b ] 67 [ 1.4591 

Ana lys i s  

Calcula ted  F o u n d  

%c %H %C %H 

66.98 11.78 66.87 11.56 
64.62 11.28 64.28 1 L 3 8  
63.01 10.94 62.80 11.31 
61.84 10.70 61.73 10.88 
60.96 10.51 60.80 10.80 

B. !~ -= Oxo-process t r i d e c y h  E q u i v a l e n t  w t  --~ 186.5 

Start ing  P r o d u c t s  
m a t ' l  

A n a l y s i s - - O H  n u m b e r  E t O  EtO 
un i t s  un i t s  

(a) (b) 

°i 3 
4 
4 
4 

: O  s Y ~ l d  nD~O . 
(n) ~° 

6 75 1.4590 
8 49 1.4602 

10 ] 39 ] 1 .4615 I 
12 ] 35 [ 1.4635 I 

Calcula ted  F o u n d  

148 147 
120 110 
101 101 

87 86 
77 78 

a F o r  u = 10 ;  mp  - -15  t o - - 1 2 C .  
b F o r n = 1 2 ; m p  0 t o  4C. 

served there also, below four  oxyethylene units. Wrig-  
ley e ta] .  (21) have observed this phenomenon in their  
s tudy of monoethers up to four  oxyethylene units. 
They found it to be ra ther  independent  of the number  
of carbon atoms in the alkyl chain, giving examples 
for compounds derived f rom dodecyl through hexa- 
decyl radicals. The shift  in minimum melt ing point 
f rom a lower oxyethylene number  in our monoethers 
to a higher one in the diethers indicates that  the 
minima are associated with a balance of hydrophil ic 
and lipophilic groups in the molecule. The relative 
oxyethylene content is thus near ly  the same for both 
monoether and diether at  the minima. 

The I R  spectra of the compounds in all three mono- 
ether series are very  similar. The n-trideeyl and 7- 
tr idecyl  series have a weak band reflecting the pres- 
ence of polymethylene groups. The oxo-series has a 
more complex spect rum as a result  of the branched- 
chain (polymethyla ted)  alkyl group. 
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