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Abstract 
The methods current ly  reported in the litera- 

ture  for  the characterization of nonionic surf- 
aetants are usually applied to one portion of the 
molecule and require a knowledge of the other 
portion for complete identification. This indirect 
approach leaves ranch to be desired. A simple, 
rapid, and more direct method os eharaeteriza- 
tion is to measure the proton signal intensity 
in high resolution nuclear magnetic resonance 
(NMR) spectra. This method determines the 
hydro phile to hydrophobe ratio without requir- 
ing standard samples for calibration or a prior  
knowledge of the hydrophobe. In addition, this 
method will f requent ly  give much valuable in- 
formation about the identi ty of the hydrophobe, 
sneh as the average chain length, the degree of 
branching, and the type of aromatic substitu- 
tion, if any. This method has been applied to 
the characterization of the cmnmon types of com- 
mercial polyethylene oxide condensates. The ap- 
plication of NMR to the analysis of formulated 
detergent products  is also discussed. 

Introduction 

T H E R E  ARE M A N Y  M E T H O D S  for the characterization 
of nonionic surfaetants reported in the li terature.  

In f r a red  absorption is a simple and rapid way to 
ident i fy  the nonionic as a whole (3,4,5). I t  can also 
be used to determine tile ratio of hydrophile to hydro- 
phobe, providing the hydro phobe is known and suit- 
able standards exist. Cloud point is another method 
for determining the hydrophile to hydrophobe ratio. 
There are many different ways to obtain the cloud 
point (1,7,8); but  in order to correlate it with the 
hydrophile  to hydrophobe ratio, you must establish 
a calibration curve for each different hydrophobe. 
Methods using measurements of density (7) or re- 
fractive index (2) have also been reported;  but  these, 
too, require standards and calibration eurves for each 
nonionic. 

The prefer red  chemical method uses hydriodie acid 
to split the ether linkages and liberate iodine which 
is t i t rated with a s tandard thiosulfate solution (6). 
This approach cannot be used for nonionies contain- 
ing' amine, amide, or mereaptan hydrophobes. 

A simple, rapid, and more direct method of ehar- 
acterization is to measure tl~e proton signal intensity 
in high resolution nuclear magnetic resonance (NMR) 
spectra. This method determines "the hydrophile to 
hydrophobe ratio without requir ing standard sam- 
ples for calibration or a pr ior  knowledge of the 
hydrophobe. In addition, this method will f requent ly  
give much valuable information about the identi ty 
of the hydrophobe, sueh as the average chain length, 

1 Presented at the AOCS meeting in New Orleans, La., 1962. 

118 

the degree of branching, and the type of aromatic 
substitution, if any. 

Theory of NMR Spectroscopy 

Nuclear magnetic resonance spectroscopy is based 
on the fact that nuclei of many atoms have an asso- 
ciated magnetic moment;  thus they are affected by 
any applied magnetic field. When placed in a mag- 
netic field, they align themselves in certain definite 
orientations with respect to the field. These different 
orientations have different energies. By applying an 
oscillating field in the radio f requency range, we may 
excite these nuclei and detect transitions between 
these energy levels. This energy change is amplified 
and recorded: 

The value of the magnetic field seen at a given 
nucleus depends on the electronic structure around 
the nucleus; thus nuclei of a given isotope, in this 
case the proton or H 1 nucleus, absorb energy at dif- 
fe rent  frequencies when in different electronic en- 
vironments. I f  there are several hydrogen atoms in 
a compound, every one that  has an appreciably dif- 
ferent  electronic environment will produce a peak in 
the NMR spectrum. The difference between the fre- 
quency of an isolated hydrogen atom taken as a 
reference point and a part icular  hydrogen atom in a 
given compound is defined as its chemical shift. 

The chemical shift  and the spin coupling (the 
splitt ing of a signal from a single nucleus or group 
of closely related nuclei into more than one peak) 
give much qualitative structural  information. Quan- 
ti tative measurements can be made of the signal in- 
tensity. The intensity of the NMR signal is depend- 
ent only on the number of nuclei giving the signal. 
This fact  allows the use of NMtr for  quantitative 
applications without requiring pure standards and 
calibration curves. 

Experimental Procedures and Data 
The studies repor ted in this paper  were made using 

a Varian Associates HR-60 high resoTution nuclear 
magnetic resonance spectrometer with associated in- 
tegration system. This instrument  operates at 60 
megacycles per second and with a magnetic field of 
14092 gauss. Spectra are obtained by holding the 
oscillator f requency constant and varying the current  
to the large d-e magnet,  thus sweeping the desired 
portion of the magnetic field. 

Accuracy and Precision. With the fair ly straight- 
forward structures found in the commercially pure 
nonionics we studied, the accuracy and precision 
should be limited only by the electronic integrator  
and its associated recorder. T h i s  is about • 1% 
with our equipment. 

Samples for this s tudy were run  as 50% solutions 
in carbon tetrachloride, a solvent containing no hy- 
drogen atoms. The sample is placed in a small glass 
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tube to which is added the reference s tandard  tetra-  
methylsilane. The hydrogen atoms of te t ramethyl-  
silane are equivalent;  thus it shows a single sharp  
line at  a relat ively high value of the magnetic field. 
This line is assigned a tau value of 10.00, and the 
positions of the other signals are assigned by  their  
distance f rom the tetramethylsi lane signal in p p m  of 
the applied magnetic  field. 

The tube containing the sample is placed between 
the poles of the magnet.  The current  to the magnet  
is varied, and the NMR spectrum is recorded. This 
technique is rapid,  requir ing about 30 rain per  deter- 
ruination. Only about 0.05 ml of sample is required, 
and this can be recovered by evaporat ing the solvent. 
The results obtained are average values;  thus having 
a sample which is a combination of homologues and 
polymers  is no hindrance. Water ,  glycols, and any 
other materials  giving proton signals in the regions 
we are examining will interfere.  

We have applied this technique of quant i ta t ive high 
resolution proton nuclear magnetic resonance to the 
characterization os the common types  of commercial 
nonionics. The samples we studied were polyethylene 
oxide condensates of hydrophobic  bases such as am- 
ides, amines, mercaptans,  and polypropylene oxide 
as well as the more common condensates with acid, 
alcohol, and alkylphenol hydrophobes.  

Alkylphenol Ethoxylates. The alkylphenol-ethylene 
oxide condensates demonstrate  the great  amount  of 
information obtainable by this technique. F igure  1 
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being a quant i ta t ive measure of the number  of pro- 
tons giving a signal. Since we know the aromatic 
signal comes f rom four  protons, we can calculate 
the number  of protons in each side chain. Doing so, 
we find this sample is nonylphenol condensed with 
1.5 moles of ethylene oxide. The spectrum fur the r  
indicates that  the aromatic  substi tut ion is para  and 
that  the alkyl side chain is highly branched, prob- 
ably p olypropylene in origin. 

Table I shows data  obtained f rom a number  of 
different e thoxy la t ed  alkylphenols, including octyl-, 
nonyl-, and dodeeyl-phenol condensed with vary ing  
amounts of ethylene oxide. In  every case, the NMR 
results show close agreement  with the n lanufac ture r ' s  
data. 

T A B L E  I 

Alkylphenol Condensa tes  

I Alkyl chain I c e m o  un i t s  
Sample I . . . . . . . .  

- -  

~ge,paI 0 0 - 2 1 0  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  Cs.s 09 ] 1 .5  I 1 - 2  
C:O 5 3 0  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  C 9 I  C9 6 .3  I 6 
0 0  630 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  r (~oa r co I 9.5 I 9 - 1 0  

T r i t o n  X-100  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  Cs.o Cs 9.9 9 - 1 0  
Sterox D F  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  I C~.s / C~,~ I 6.3 I .... 

Alkyl Ethoxyiates. Unfor tunate ly ,  all of the non- 
ionic types we studied do not give so much infor- 
mation. Both the Pluronic  type products  and the 
ethoxylated alcohols present  some minor difficulties. 
F igure  2 shows the NMR spect rum of an ethoxy]ated 
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FIG. 1. Typical NMR spectrum of the alkylphenol-ethylene 
oxide condensate type of nonionic surfactant. Printed above 
the spectrum is its integral. 

shows the NMR spect rum of a typical  nonionic of 
this type. I n  addition to the line f rom te t ramethyl-  
silane at 10.00 tau, there are three well separated 
groups in this spectrum. The lowest field group (3.0 
tau)  is due to protons direct ly attached to an aro- 
matic nucleus. Spin-coupling causes this signal to 
split  into several peaks. This par t icu lar  signal struc- 
ture indicates para-substi tut ion.  

The middle grouping (6.1 tau)  is f rom the protons 
of the ethylene oxide chain plus the terminal  hy- 
droxyl  proton. The high field grouping is f rom the 
protons in the alkyl side chain. Pr in ted  above the 
spectrum is its integral,  each step in the integral  
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FIG. 2. Typical NMR spectrum of a straight-chain primary 
alcohol-ethylene oxide condensate type of nonionic surfactant. 

"ALFOL" 1218 alcohol. As expected, the signal 
f rom the O-CHe of the alcohol falls under  the signal 
f rom the ethylene oxide uni ts ;  thus we can direct ly 
calculate only an approximate  rat io  between hydro-  
phile a n d  hydrophobe;  however, i f  the signal f rom 
the methyl  group protons is sufficiently resolved f rom 
the methylene signal and something is: known about 
the branching in the alcohol, the intensi ty of the 
methyl  proton signal can be used to calculate the 
mole ratio. 

Table H shows data obtained on four  ethoxylated 
alcohols. The mole ratio was calculated on the oleyl 
alcohol sample by using the NMR signal f rom the 
protons adjacent  to the double bond. The ]auryl  
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alcohol sample was calculated f rom the methyl  pro- 
ton signal, and the " A L F O L "  alcohols were calcu- 
lated f rom pr ior  knowledge of the alcohol molecular 
weight. 

T A B L E  I I  

Alcohol Ethoxylates 

Sample I CeHd0 uni ts  
Hydrophobe  N I ~  ~ G  

Emulphor  0N-8701 .................. ( Oleyl alcohol 2 1 2 4 4  
Bri j  30 .................................... I Laur$1 alcohol 
R w w 1 2 1 7 2 4  ........................ A L G O L  1 2 1 8 ]  I 30  
RWW-1217-24-1 ..................... , " A L F O L "  1218 8.6 

The other product  type that  presented some diffi- 
culties was the condensation product  o~ ethylene ~x- 
ide with propylene oxide. A typical  spectrum is 
shown in F igure  3. The signal a t  8.9 tau is f rom the 
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F r o .  3.  T y p i c a l  N M R ,  s p e c t r u m  o f  t h e  c o n d e n s a t i o n  p r o d u c t  
o f  e t h y l e n e  o x i d e  w i t h  p r o p y l e n e  ox ide .  

methyl  group protons of the propylene oxide units, 
while the signal at 6.5 tau  is due to protons on car- 
bon atoms which are attached to oxygen. In  this 
case, we can determine the ratio of propylene oxide 
to ethylene oxide but  cannot assign a definite num- 
ber of protons to either of these signals. 

Table I I I  shows the ratio of propylene oxide to 
ethylene oxide (in weight per  cent) for  a series of 
these polymers.  You will note a considerable differ- 
ence between our data  and the manufac tu re r ' s  da ta ;  
however, if we combine our NMR values for  per cent 
of ethylene oxide with the m a n u f a c t u r e r ' s  values for 
the molecular weight of the final products  (2,000, 
2,500, and 2,900, respectively),  we get very  good 
agreement  with the m a n u f a c t u r e r ' s  value for  the 
molecular weight of the hydrophobie base. 

T A B L E  I I I  

Ethylene Oxide - -P ropy lene  Oxide Block Polymers 

M.W. of CaH60 
Ease  

NMR. ~r 

1725 I 1750 
1750 ] 1750 
1700 I 1750 

Sample Wt. % C2/-I40 

NYs 1 MFG 

Pluronic  I [ 
:::::::::::::::::::::::::::::::::::: 21o 
L-64 ................................. [ 41 / 40 

VOL. 40 

Miscellaneous HydroPhobes. Table I V  summarizes 
the data  obtained when we examined the ethylene 
oxide condensates of acids, amines, amides, and 
mercaptans.  None of these products  presented any 
difficulty, and  we were able to determine the molecu- 
lar weights of the hydrophobe and hydrophile  chains 
as well as the mole ratio. 

T A B L E  I V  

Other  Ethylene Oxide Condensates  

Sample 

Emulphor  VN-430 ............................ 
Sterox C1) ........................................ 
Ethomeen (3/25 ................................ 
Ethomid 0 /15  ................................... 
Sterox SK . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

I-Iydrophobe ~ uni ts  

Oleic acid ~ l "  
Tall oil acid 13 [ 12 
Coco amine 14 [ 15 
Oleamide 5.5 5 
~r 7.6 .... 

In  addit ion to these nonionie surfactants  which we 
studied, we have also applied this technique to non- 
ionics and sulfated "nonionies" which were separated 
f rom commercial detergent  formulations. These prod- 
ucts were removed f rom the formulat ions by the usual 
extraction and  ion exchange techniques. Table V lists 
some typical  analyses. The two products  with low 
mole rat ios of ethylene oxide to hydrophobe were 
present as sulfates. We hydrolyzed them before re- 
cording their  NMR spectra. In  the future ,  however, 
we plan to took at  some of these sulfated ethoxylates 
as such. 

T A B L E  ~" 

Ethoxylates from Detergent  Formulat ions  

Sample Hydrophohe  CeH~Ounits 

AN 5932 ............ ~ .......................... Nonylphenol 9.5 
AN 5443 .................................................. Nonylphenol 4.0 
AN 5445 .................................................. Nonylphenoi 10.6 
AN 6010 .................................................. Nonylphenol 4.6 
AN 7677 .................................................. Tridecanol 9.5 

Summary 

In  summary  then, we have described a simple, 
rapid, and fa i r ly  direct method for the characteriza- 
tion of nonionie surfactants .  Quanti ta t ive measure- 
ment of the proton signal intensi ty in high-resolution 
nuclear magnetic resonance spectra determines the 
hydrophobe to hydrophi le  rat io without  requir ing 
s tandard  samples for  calibration o r  a pr ior  knowl- 
edge of the hydrophobe.  Fur ther ,  with most product  
types, this technique actual ly  permits  calculation of 
the average molecular weights of both portions of 
the molecule. The technique is nondestructive, and 
only a small amount  of sample is required. 
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