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Polarity of Broad and Narrow Distributed Ethoxylates 
of Fatty Alcohols 
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The polarity of broad- and narrow-range alcohol ethox- 
ylates was studied by inverse gas chromatography. The 
narrow-range alcohol ethoxylates (NRD) exhibit higher 
polarity at 70°C than the broadly distributed products 
(BRD). The difference in polarity between BRD and NRD 
products decreases, however, with increasing temperature 
and diminishes at 110°C, which can be predicted from 
structural increments. The rise of the average number of 
oxyethylene units increases polarity of the examined pro- 
ducts. The changes of ethoxylate polarity are well de- 
scribed by examined parameters with the exception of 
AG~(CH~. 
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Ethoxylates are the most important nonionic surfactants. 
They are used in the manufacturing of a wide variety of 
surface-active agents, ag., cleaning and washing agents, 
emulsifiers. They are obtained by addition of oxirane to 
hydrophobic substrates having a labile hydrogen atom in 
their molecules. Ethoxylates of fatty alcohols, fatty acids, 
alkylphenols and polypropylene diols are of industrial im- 
portanca The products of ethoxylation, however, are always 
mixtures of adducts with different lengths of the ethoxylene 
chain. The following possibilities influence the properties of 
ethoxylates: (i) selection of the hydrophobic substrate; (ii) 
change of average ethoxylation degree and (iii) the distribu- 
tion of oxirane adducts in the final mixtur~ 

Competition on the surfactant market and ecological re- 
quirements cause an increasing interest in alcohol ethox- 
ylates with confined content of homologues, which have an 
ethoxylation degree significantly different from the average 
and which are free from harmful by-products. Generally, 
ethoxylated fatty alcohols are biodegradable easier than~ for 
example, ethoxylated alkylphenols (1). Furthermore, it is 
possible to improve the properties desired in many practical 
applications by using fractions with a narrow homologue 
distribution (2-6). The properties of surface-active agents 
usually depend on the hydrophile-lipophile balance (HLB) 
and/or on their polarity (7,8). Inverse gas chromatography 
is a simple procedur~ which allows the definition of accurate 
and reliable quantitative parameters for the polarity deter- 
mination of organic compounds such as surfactants (9,10), 
organic salts (11) and extractants (12-14). 

A number of empirical relationships between the behavior 
of surfactants and their polarity parameters (PPs) have been 
applied for the prediction of their properties. The PPs can 
be divided into two groups: (i) empirical PPs, which include 
polarity index and retention index and (ii) thermodynamical- 
ly defined parameters (thermodynamic functions of solutior~ 
criterion A and partial molar excess Gibbs function of solu- 
tion}. The PPs are related to the HLB number, which is a 
generally accepted characteristic of surfactants (15-18). 

*To whom correspondence should be addressed at Poznafi Technical 
University, Institute of Chemical Technology and Engineering, P1. 
M. Sklodowskiej-Curie 2, 60-965 Poznafi, Poland. 

The aim of this paper is the determination of the PPs for 
ethoxylates with broad and narrow ethoxylene distributions. 
It is of interest to discover how the difference in substance 
composition influences the polarity. A relationship between 
the structure [average number of ethylene oxide (EO) units, 
type of their distribution] and surfactant polarity is also 
examined and discussed. 

EXPERIMENTAL PROCEDURES 

Materials. Cetyl alcohol containing 94% hexadecanol was 
used both to prepare the conventional products [with 
broad-range distribution of homologue (BRD)] and the 
narrow-range distribution ethoxylates (NRD), in which the 
average degree of ethoxylation varies from 3 to 11. The 
conventional products were obtained by using sodium 
hydroxide as a catalyst, while a proprietary catalyst (19) 
was utilized to produce narrow-range ethoxylates. 

Syntheses were performed in a 1-L stainless steel jacket 
reactor, equipped with a driven stirrer and a cooling coil. 
In each process, the reactor was charged with the alcohol 
substrate and an appropriate amount of the catalyst. Then 
the reactor was closed, vented with nitrogen and heated 
to the reaction temperatur~ After the desired temperature 
was achieved, ethylene oxide was admitted to the reactor 
from a container that had been pressurized first with 
nitrogen at 0.6. MPa. The pressure of EO in the reactor 
was kept constant by opening or closing a micrometric 
valve. Samples of the reaction mixtures were withdrawn 
at intervals and analyzed by gas chromatographic (GC) 
technique. 

Homologue distribution of the ethoxylation products 
was analyzed with a GC (Perkin-Elmer Model 900, Nor- 
wald, CT) equipped with a flame-ionization detector. The 
separation was carried out in stainless-steel columns of 
0.9 m length and 2.7 mm i.d. Chromosorb G-AW-DMCS 
(60-80 mesh; Supelco SA, Gland, Switzerland) was used 
as support and silica resin OV-17 (Supelco SA) as the li- 
quid phase. The weight ratio of the liquid phase to the 
support was 1:99. Argon was used as a carrier gas; its flow 
rate was 15 cmS/min. The injector and detector tempera- 
tures were 330 and 340°C, respectively. The analyses were 
started with a column temperature at 120°C, which after 
1 min was programmed up to 320°C with a rate of 
4°C/min. The products were analyzed as acetate deriva- 
tives. 

Contents of the components with different lengths 
of the oligooxyethylene chain in representative pairs 
of ethoxylates are given in Figure 1. Comparison of 
the homologue distribution for the products indicates the 
slight shift of the maximum of the NRD products toward 
the homologues having a higher oxyethylene content. 

Polarity parameters. The following parameters were 
used to express the ability of examined surfactants to in- 
teract by different intermolecular forces with the selected 
group of standard solutes: (i) the difference of retention 
indices of the first five McReynolds solutes as measured 
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FIG. 1. Distr ibut ion of  homologues  in broad-range distribution (BRD) 
and narrow-range d i s tr ibut ion  {NRD) e thoxy la te s  (x = C16E1 --  
NRD,  0 = CI6E 7 - -  BRD,  A = C16E3 - -  NRD,  E3 = C16E 3 - -  BRD).  
EO, e thy lene  oxide. 

on examined l iquid phase  and  squalane  hIi, as well as 
5 

their  sum ~:  hi i ( 2 0 ) ;  (ii) coefficient Q, defined as the  rat io 
i = l  

of ad jus ted  re tent ion  t imes  of s t anda rd  polar  solute  
(methanol  or ethanol)  to a nonpo la r  one (n-hexane) (21); 
(iii) po la r i ty  index (PI), defined by  Huebne r  (22) for 

character izat ion of sur fac tan ts  by GC; (iv) criterion A (23) 
and  par t ia l  molal  Gibbs  free energy  of the  solut ion per  
me thy lene  group hG TM (CH 2) (24,25), which  are the  para- 
meters  t h a t  character ize  dispersive in terac t ions  be tween 
the  solute  and the  solvent.  Cri terion A was  calculated 
f rom the  equat ion:  

A = (tn, n + 1 - -  tr, n)/(tr,n - -  tr, n - 1) [1] 

where t~,n+ 1, tr,, and  t~,n-1 and t~,,_~ denote  ad jus ted  
re ten t ion  t imes for n-alkanes wi th  n + 1, n and n - 1  car- 
bon  atoms,  respectively. 

The examined  e thoxy la t e s  were placed in a GC co lumn 
as a l iquid s t a t i ona ry  phase  coa ted  on an inert  suppor t  
[Celite 80-120 mesh  (25%, w/w)]. The  use  of such a h igh  
con ten t  of l iquid phase  has  been sugges t ed  to  el iminate 
adso rp t ion  effects. The  o ther  condi t ions  of the  GC ex- 
per iments  were as follows: a GC C H R O M  5 (CSRF, Kova, 
Praha,  Czech Republic) equipped wi th  a f lame-ionization 
detector; columns, I m length  and 3 m m  i.d.; column temp- 
erature, i so thermal ly  a t  70, 90 and  110°C; injector and  
de tec tor  tempera tures ,  150 and 200°C, respectively; car- 
rier gas  flow ra te  {helium), 40 cm3/min. The C5-C9 n- 
alkanes and  the  f irst  five McReynolds  solutes (20) were 
used, and  their ad jus ted  retent ion t imes were de termined 
accord ing  to  the  typ ica l  procedure  (17,26,27). 

RESULTS AND DISCUSSION 

Liquid s t a t ionary  phases  are usual ly characterized by  the  
difference in re tent ion  indices for selected solutes,  hIi, 
proposed by  McReynolds ,  as well as by the  sum of the dif- 
ferences for the  first  five solutes. I t  has  been shown t h a t  
these  pa ramete r s  can be used  in the  charac ter iza t ion  of 
surface-act ive agen ts  (17,25). The appropr ia te  values of 

5 
h i  i and Z AIi, as de te rmined  by us, are summar ized  in 

i = l  

T a b l e  1. 

T A B L E  1 

AI i Of M c R e y n o l d s  S o l u t e s  and ~ -  AI i Va lues  for E t h o x y l a t e s  E x a m i n e d  at  70°C a 
i = l  

Average number hi i for 5 
~-" hi i 

Type of EO units Bz MPK Butanol Pyridine Np i = 1 
BRD 

NRD 

3 74.9 135.1 292.9 188.5 202.7 894.1 
4 83.3 141.8 305.5 199.5 222.5 952.6 
5 103.1 160.3 322.1 218.2 252.6 1056.3 
6 104.2 162.4 323.8 219.9 257.6 1068.1 
7 111.7 167.6 323.4 226.6 267.1 1096.5 
8 1t0.4 169.1 332.3 231.7 269.4 1112.9 
9 123.7 180.9 346.1 244.9 289.5 1185.1 

10 130.2 186.8 346.7 246.0 297.6 1207.2 
11 136.2 193.5 345.8 258.5 296.8 1230.8 

3 86.0 144.4 300.0 195.9 217.5 943.9 
4 75.6 145.2 281.4 202.3 213.4 918.0 
5 104.5 165.7 302.6 229.7 249.7 1052.8 
6 121.1 181.7 330.1 229.7 270.7 1132.8 
7 121.8 177.6 311.7 239.1 275.1 1125.2 
8 142.2 196.9 362.3 270.6 309.6 1281.7 
9 127.2 194.2 341.1 248.7 285.8 1197.0 

10 146.6 198.2 347.7 250.6 300.5 1243.7 
11 140.1 197.2 364.7 263.8 310.7 1276.5 

aAbbreviations: BZ, benzene; MPK, methyl propyl ketone; Np, nitropropane-1; EO, ethylene oxide; BRD, 
broad-range distribution; NRD, narrow-range distribution. 
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POLARITY OF BROAD AND NARROW DISTRIBUTED ETHOXYLATES 

TABLE 2 

Polarity Index for Broad- and Narrow-Range Ethoxylates of Cetyl Alcohol a 

Polarity index at 

Average number Methanol (°C) Ethanol (°C) 
Type of EO units 70 90 110 70 90 110 

BRD 

NRD 

3 77.4 74.0 65.8 92.4 88.8 
4 79.5 76.1 71.5 93.3 90.7 
5 78.7 83.9 74.6 90.3 94.9 
6 80.7 85.0 78.0 91.7 96.0 
7 88.3 84.7 81.2 98.6 96.3 
8 89.4 87.7 82.8 99.6 98.4 
9 92.9 90.2 84.9 102.1 99.8 

10 93.3 92.7 88.6 101.7 101.7 
11 92.7 90.4 84.0 102.9 100.0 

3 78.6 72.0 62.8 92.7 88.8 
4 80.2 74.7 65.9 93.3 89.9 
5 83.6 80.6 74.8 94.8 93.5 
6 84.1 83.5 77.6 95.6 95.3 
7 87.6 83.6 77.8 95.8 95.4 
8 93.1 87.0 81.8 103.0 97.7 
9 89.5 84.3 79.4 102.9 96.4 

10 95.5 90.2 89.2 104.5 100.6 
11 95.2 91.4 87.1 104.0 101.5 

84.2 
87.1 
91.3 
92.9 
93.7 
95.0 
95.4 
98.2 
95.5 

91.9 
83.3 
89.3 
91.6 
91.4 
94.1 
92.9 
99.1 
98.4 

aSee Table 1 for abbreviations. 
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TABLE 3 

Coefficient Q for Broad- and Narrow-Range Ethoxylates of Cetyl Alcohol a 

Coefficient e at 

Average number Methanol (°C) Ethanol (°C) 
Type of EO units 70 90 110 70 90 110 

BRD 

NRD 

3 1.15 1.05 0.91 1.94 1.61 
4 1.27 1.13 1.00 2.08 1.76 
5 1.25 1.40 1.08 1.84 2.04 
6 1.31 1.42 1.23 1.94 2.09 
7 1.64 1.42 1.23 2.50 2.14 
8 1.70 1.54 1.32 2.60 2.27 
9 1.95 1.72 1.37 2.96 2.51 

10 2.07 1.87 1.53 3.01 2.69 
11 1.97 1.78 1.47 3.07 2.52 

3 1.22 0.99 0.86 1.98 1.56 
4 1.33 1.14 0.98 2.10 1.77 
5 1.36 1.33 1.16 2.08 1.99 
6 1.37 1.37 1.14 1.96 2.07 
7 1.76 1.43 1.25 1.98 1.93 
8 1.92 1.53 1.26 2.87 2.28 
9 1.83 1.50 1.32 2.82 2.23 

l0 2.30 1.70 1.53 3.51 2.53 
11 2.28 1.84 1.60 3.38 2.62 

1.37 
1.46 
1.67 
1.74 
1.77 
1.91 
1.89 
2.11 
2.00 

1.30 
1.41 
1.67 
1.66 
1.78 
1.79 
1.87 
2.14 
2.22 

~See Table 1 for abbreviations. 

5 
The  d e t e r m i n a t i o n  of t I i  and Z AIi va lues  is u sua l ly  a 

i = l  

t r oub l e some  and  t i m e - c o n s u m i n g  procedure.  I t  requires  
e s t ima t ion  of re ten t ion  da t a  for five selected polar  solutes 
and  the  reference n-alkanes  on two  l iquid  phases ,  n a m e l y  
the  phase  to  be eva lua t ed  and squa l ane  as the  nonpo la r  
one~ The  use of P I  and  coeff icient  Q as empir ica l  measures  
of po la r i t y  al low s u r f a c t a n t s  to  be cha rac te r i zed  w i t h  ac- 
cep tab le  precision (17,27). Moreover, t he  pa ramete r s  reflect 
s t r u c t u r a l  changes  qu i t e  sa t is factor i ly .  The  va lues  of P I  
and coefficient ~, which were measured  wi th  me thano l  and 
e thano l  as t he  polar  solutes,  are g iven  in Tables 2 and 3. 

The re  is no genera l  rule  to descr ibe  the  t e m p e r a t u r e  
5 5 

dependence  of Z h i  i. However,  for all BRD,  the  ~- h i  i 
i = l  i = l  

va lue  increases  w i t h  inc reas ing  t empera tu re ,  while  i t  
decreases  m a i n l y  for the i r  NRD.  Generally,  t he  P I  and  
coeff ic ient  Q decrease  w i t h  t he  r ise  of t empera tu re .  

The  m o s t  i n t e r e s t i n g  p h e n o m e n o n  we found  is a rela- 
t i onsh ip  b e t w e e n  the  h o m o l o g u e s '  d i s t r i b u t i o n  and  the  
p o l a r i t y  of t he  e x a m i n e d  e thoxy la t e s .  The  b road- range  
c o m p o u n d s  exh ib i t  lower po l a r i t y  (at 70°C) t h a n  the i r  
na r row-range  ana logs  (Fig. 2). However ,  t he  dif ference 

JAOCS, Vol. 70, no. 7 (July 1993) 



714 

A. VOELKEL E T  AL. 

1300- 

1200 

1100 

1000 

900 

800 

DE 0 

110- 

90 , , ' ' ' 
2 z+ 6 8 10 I ? 

nEO 
5 

FIG. 2. ~- aIi and polarity index (PI) (ethanol as polar solute) for 
i l l  

BRD and NRD ethoxylates (x = NRD, [] = BRD). Abbreviations 
as in Figure 1. 

diminishes with increasing temperature. PPs for indi- 
vidual components can be estimated according to the 
following equation: 

PP = constant + ~-" a i APP i [2] 

by using structural increments determined previously (26). 
I t  is assumed that  the  increment of APP i for a group Gi 
is constant  for all compounds. The coefficient rh denotes 
the number of the G~ group in the compound under 
consideration. 

PPs of polydisperse mixtures can be estimated from the 
relation: 

PPMM -~ ~:i xi* PPi [3] 

where xi denotes the weight fraction and PPi and PPM 
are the polarity parameter  of the i-th individual compo- 
nent and of the polydisperse mixture, respectively. The 
predicted PPs  as well as the experimental values for the 
three pairs of NRD and BRD analogs are given in Table 4. 

The predicted PPs are generally higher for the NRD 
analogs. However, the difference changes from pair to pair 
and seems to be negligible for C16E6 products. The most  
important  difference is that  observed for C1~E7 analogs; 
it is probably connected to the significant shift of the max- 
imum presented in Figure 1. I t  is in accordance with the 
experimental results shown in Figure 2. 

For the BRD products, higher experimental values are 
5 

obtained for PI  Me°H and Z AIi. However, the experi- 
i = l  

mental value for PI  EtOH is 91.7, lower than the predicted 
value. Higher experimental values were also observed for 
NRD products. The difference was the highest for C16E3. 

The HLB numbers  were calculated according to the 
definition equation from an average content of ox- 
yethylene units, HLB = 20 * MH/M, where M H and M 
denote molecular weights of the hydrophile part  and of 
the whole molecule, respectively. The HLB numbers were 
also obtained from the following relation (17,28): 

HLB G -- 0.213 • PI - 7.05 [4] 

TABLE 4 

Predicted and Measured Polarity Parameters for C16E n NRD and BRD Analogs (70°C) a 

P I  MeOH PI Et°H Total h i  i HLB 

Ethoxylate Parameter pred. exp. pred. exp. pred. exp. HLB Gb HLB Gc 

NRD 67.3 78.6 80.9 92.7 616 944 6.0 9.7 
C16E3 

BRD 66.4 77.3 79.9 92.3 599 894 5.7 9.4 

NRD 79.0 84.1 89.7 95.6 898 1132 8.9 10.8 
C~6E6 

BRD 79.3 80.7 90.4 91.7 894 1068 8.4 10.1 

NRD 89.1 87.6 99.8 99.9 1073 1125 10.3 11.6 
C16E7 

BRD 83.2 88.3 94.0 91.7 965 1056 9.1 11.8 

aAbbreviations: PI, polarity index; pred., predicted; exp., experimental; HLB, hydrophile-lipophile balance. 
Also see Table 1 for abbreviations. 
bHLBG predicted from definition (see text). 
CCalculated according to Equation 4. 
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POLARITY OF BROAD AND NARROW DISTRIBUTED ETHOXYLATES 

TABLE 5 

Criterion A for Broad- and Narrow-Range Distribution of CI6E n Products 
and Its  Temperature Dependence a 

Average number Criterion A (°C) A = * exp (b/T) 
Type of EO units 70 90 110 a b R b 

BRD 

NRD 

3 2.343 2.147 2.002 0.518 517.1 0.9999 
4 2.324 2.157 1.971 0.484 539.6 0.9960 
5 2.307 2.132 1.948 0.460 554.3 0.9980 
6 2.313 2.126 1.973 0.505 522.2 1.0000 
7 2.253 2.130 1.942 0.551 485.2 0.9850 
8 2.261 2.118 1.976 0.625 441.8 0.9990 
9 2.299 2.150 1.922 0.421 584.9 0.9850 

10 2.299 2.150 1.941 0.599 453.2 0.9840 
11 2.230 2.118 1.934 0.480 533.5 0.9999 

3 2.256 2.177 1.984 0.674 418.1 0.9600 
4 2.320 2.160 1.990 0.537 502.8 0.9970 
5 2.270 2.128 1.977 0.608 452.9 0.9980 
6 2.221 2.149 1.957 0.676 411.5 0.9550 
7 2.210 2.108 1.970 0.742 375.9 0.9910 
8 2.188 2.159 1.935 0.698 397.4 0.9110 
9 2.184 2.111 1.965 0.806 344.4 0.9730 

10 2.145 2.095 1.944 0.852 319.7 0.9480 
11 2.163 2.067 1.938 0.762 359.2 0.9910 

aSee Table 1 for abbreviations. 
bCorrelation coefficient. 
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TABLE 6 

hGm(CH2) for Broad- and Narrow-Range Distribution 
of C16En Products a 

Average number hGsm(CH2) [kJ/mol] (°C) 
Type of EO units 70 90 110 

BRD 

NRD 

3 --2.42 --2.31 --2.20 
4 --2.43 --2.29 --2.17 
5 --2.40 --2.26 --2.13 
6 --2.39 --2.27 --2.14 
7 --2.37 --2.25 --2.13 
8 --2.33 --2.24 --2.16 
9 --2.41 --2.26 --2.11 

10 --2.32 --2.23 --2.13 
11 --2.27 --2.14 --2.01 

3 --2.36 --2.29 --2.22 
4 --2.39 --2.27 --2.14 
5 --2.20 --2.17 --2.13 
6 --2.28 --2.21 --2.11 
7 --2.24 --2.18 --2.12 
8 --2.30 --2.17 --2.15 
9 --2.34 --2.20 --2.06 

10 --2.38 --2.25 --2.10 
11 --2.28 --2.13 --1.97 

aFor abbreviations see Table 1. 

where  H L B  G deno te s  t h e  H L B  n u m b e r  in t h e  Gr i f f in  
scale  and  P I  is  t h e  p o l a r i t y  index  d e t e r m i n e d  expe r imen-  
t a l l y  (wi th  m e t h a n o l  a s  a p o l a r  solute).  The  above  equa-  
t ion  is va l id  for e t h o x y l a t e d  f a t t y  alcohols.  T h e  p r e d i c t e d  
va lues  of H L B  are  a lways  lower t h a n  those  o b t a i n e d  f rom 
expe r imen ta l  da ta .  I n  each  case, t he  h igher  va lues  of H L B  
are obse rved  for narrow-range products ,  b o t h  for p red ic ted  
and  e x p e r i m e n t a l  da ta .  

The  r e su l t s  of t he  " s i m u l a t i o n  procedure"  i nd i ca t e  t h a t  
s l i g h t l y  h i g h e r  p o l a r i t y  of t h e  na r row-range  p r o d u c t s  a t  
70°C is to  b e  expec ted .  

The  increase  of  t h e  average  n u m b e r  of e t h o x y l e n e  u n i t s  
causes  a r i se  of t h e  cons ide red  p o l a r i t y  p a r a m e t e r s  (Fig.  
2). The  dev ia t ions  f rom the  h y p o t h e t i c a l  s t r a i g h t  l ines are 
p r o b a b l y  c a u s e d  b y  t h e  d i s p e r s e d  c o m p o s i t i o n  of t he  ex- 
a m i n e d  p roduc t s .  

The  d i spe r s i ve  i n t e r a c t i o n  p a r a m e t e r s  a lso  have  been  
u s e d  for e v a l u a t i o n  of t h e  phys i c oc he mic a l  p r o p e r t i e s  of 
o rgan ic  c o m p o u n d s  (10,29). A c c o r d i n g  to  Poole a n d  Poole 
(10), hG TM (CH2)- - the  p a r t i a l  mo la l  G i b b s  free e n e r g y  of 
a so lu t i on  for a m e t h y l e n e  g r o u p - - c a n  be  t r e a t e d  as  one 
of the  m o s t  r easonab le  and  accep tab le  measures  of t he  sol- 
v e n t  s t r eng th .  Poole  and  Poole  (10) showed  t h a t  t h e  sol- 
ven t  s t r e n g t h  is s y n o n y m o u s  wi th  t he  po l a r i t y  term.  How- 
ever, i t  is  n o t  e a s y  to  def ine  b o t h  t e r m s  in a t o t a l l y  u n a m -  
b i g u o u s  manner .  I n  t h e  case  u n d e r  cons ide ra t ion ,  e thox-  
y l a t e s  p l a y  the  role of  a solvent .  The  a p p r o p r i a t e  va lues  
of c r i t e r ion  A a n d  hG~  (CH 2) are  g iven  in Tables  5 and  
6, respect ive ly .  C r i t e r i on  A is, a cco rd ing  to  Sevc ik  a n d  
Lbwen tap  (23), a m e a s u r e  of t he  re luc tance  of a s t a t i o n a r y  
p h a s e  to  d i sso lve  a h y d r o c a r b o n  chain.  A n  increase  of t he  
s t a t i o n a r y  phase  p o l a r i t y  ref lects  in a decrease  of c r i te r ion  
A.  Cr i t e r ion  A lowers  w i t h  an  inc rease  of t h e  E O  un i t  
number ,  b o t h  for  B R D  a n d  N R D  produc t s ,  t h u s  s h o w i n g  
t h e  i nc r e a s ing  P o l a r i t y  of t he  l iqu id  phases .  The  h ighe r  
va lues  of c r i t e r ion  A o b t a i n e d  for B R D  p r o d u c t s  i nd i ca t e  
the i r  lower p o l ~ i t y  in c ompa r i son  w i th  t he  N R D  analogs .  

5 
The  s a m e  r e su l t s  a re  o b t a i n e d  when  Z hIi, P I  and  coef- 

i = l  

f ic ien t  0 are  u s e d  as  t h e  PPs.  The  d i f ferences  in va lues  
d e t e r m i n e d  for t h e  two  se t s  of  e t h o x y l a t e s  d i m i n i s h  when  
the  t e m p e r a t u r e  r ises .  However,  even a t  110°C t h e  va lues  
of c r i t e r ion  A i n d i c a t e  a s l i g h t l y  h ighe r  p o l a r i t y  of N R D  
p roduc t s .  

The  t e m p e r a t u r e  d e p e n d e n c e  of c r i t e r ion  A has  been  
desc r ibed  (23,29) as  follows: 

A = a • exp (b/T) [5] 
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This relation is also fulfilled in the case under considera- 
tion. The appropriate regression and correlation coeffi- 
cients are given in Table 6. Correlation coefficients are high 
and exceed 0.95 in most  cases. 

The use of AG TM (CH2) as a PP  requires appropriate ex- 
perimental precision; it is useful for compounds with well- 
defined structure. The sensitivity of AG TM (CH2) upon the 
compound's  structure is much lower than tha t  of PI, Ia 
or coefficient Q {30). The observed increase of AG TM (CH2} 
with temperature is related to the decreasing polarity of 
the ethoxylates. 

Our studies demonstrate  tha t  the retention indices of 
the first five McReynolds solutes, the ratio of adjusted 
retention times of a standard alcohol (methanol or ethanol) 
to n-hexane, the PI  and criterion A can be used to s tudy 
the polarity of NBD and BRD ethoxylates of fa t ty  
alcohols. Narrow-range alcohol ethoxylates exhibit higher 
polarity at 70 °C than the broad-range products. The dif- 
ference decreases, however, with increasing temperature 
and then diminishes at l l0°C.  The difference in polarity 
between the BRD and NRD products can be predicted 
from structural  increments. The rise of the average 
number of ethoxylene units  increases the polarity of the 
examined products. 

Our results confirm the differences in polarity between 
NRD and BRD counterparts. As a consequence, different 
effective HLB numbers of the products are expected, 
despite the corresponding average ethoxylation degrees. 
This is also the mason for the existing differences in some 
properties between NRD and BRD ethoxylates, e.g., their 
different solubilities in water. 

Thus, the observed improvement of several properties 
of NRD ethoxylates (2-6) is in agreement with our in- 
dependent polari ty measurements  of NRD and BRD 
ethoxylates, carried out by inverse GC. 
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