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The C-13 spin-lattice relaxation times (T,) of a series of short-chain «-alkylsulfates and sul-
fonates in D 2 0 solutions were measured at various concentrations. Even for ethylsulfate and 
«-propylsulfonate ions, inflections, due to association, in the reciprocal of the T\ vs. the inverse 
concentration plots were observed. The critical micelle concentrations (CMC's) of ethyl and 
butylsulfates are 3.0 and 2.5 mol/1, respectively, and those of propyl and butylsulfonate 2.3 and 
1.9 mol/1, respectively. For the simple alkylsulfates, below the CMC a progressive decrease in T\ 
from the terminal methyl group towards the polar group was observed. 

Introduction 

The CMC's of very s imple n-alkylsulfates and 
sulfonates have been de termined f rom the inflec-
tions of C-13 N M R chemical shift vs. the inverse 
concentration plots [1]. In the present study, the 
C-13 spin-lattice relaxation times (T\) of s imple 
alkylsulfates and sulfonates in aqueous solution 
were measured to de te rmine the CMC's f rom the 
inflections of the \/T\ vs. the inverse of the total 
concentration plots. 

Experimental 

Materials: Sodium ethylsulfate (SES), sodium 
«-propylsulfate (SPS), sodium «-butylsulfate (SBS), 
sodium /7-hexylsulfate (SHS), sodium «-octylsulfate 
(SOS) and sodium rc-dodecylsulfate (SDS) were 
prepared [2]. 

Sodium n-propylsulfonate (SPSu), and sodium 
«-butylsulfonate (SBSu) were purchased f rom the 
Tokyo Kasei Co. 

C-13 NMR Measurements: C-13 N M R chemical 
shift and F, measurements were m a d e on a 
JEOL FX-90Q Four ier Transform Spectrometer at 
22.53 MHz. The Inversion Recovery Four ie r Trans-
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form method [3], pulse sequence 180°, r, 90° , was 
employed to obtain T\. 

Results and Discussion 

Figure 1 shows the concentrat ion dependence of 
the C-13 spin-lattice relaxation rate of SES and SBS 
in D 2 0 solution. The relaxation rates of all C-13 
nuclei of SES and SBS rapidly increase with an 
increase in the concentrat ions above 3.0 and 
2.5 mol/1, respectively. Similarly, for SPSu and 
SBSu abrupt changes of the C-13 T\ values were 
found at 2.3 and 1.9 mol/1, respectively (not shown). 
It should be noted that even in the SES and SPSu 
ions having very short alkyl chains, a marked 
increase of the relaxation rates is observed. 

The reciprocal of the observed T\ value depends 
linearly on the inverse of the total concentrat ion 
above the CMC: 

( l / r , ) o b s = ( C M C / C t ) ( l / r 1 ) monomer 

+ (ct-CMC/ct)(i/r1)micel le, (i) 

where C t is the total concentrat ion of surfactant , and 
we assume here that the m o n o m e r concentrat ion is 
constant above the C M C [4, 5]. 

The observed T\ values of the sulfate and sul-
fonate ions are consistent with (1) and our C M C ' s 
for SES, SPSu, SBS and SBSu of 3.0, 2.3, 2.5 and 
1.9 mol/1, respectively, are very close to the values 
obtained by the C-13 chemical shift vs. the inverse 
concentration plots (1). 

The T\ values of the alkylsulfate and sulfonate 
ions in monomer and micellar states are listed in 
Table 1. In the m o n o m e r state they show a progres-
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Table 1. Carbon-13 spin-lattice relaxation times (T{, s)a and effective correlation times (reff, picosec)b of «-alkyl sulfates 
and sulfonates. 
(a) «-alkyl sulfates. 

No. of carbon atomc 10 11 12 

SES Monomer T\ 
Teff 

6.45 7.19 
3.5 2.1 

Micelle 2.63 2.63 

SBS Monomer 
Teft 

3.33 3.6* 
6.8 6.2 

4.8* 
4.7 

5.41 
2.8 

Micelle 0.75 1.09 2.04 2.1 

SHS Monomer T\ 
T e f f 

1.96 2.27 2.50 2.70 3.45 5.26 
11.6 10.0 9.1 8.4 6.6 2.9 

Micelle 0.56 0.59 0.* 1.10 1.43 2. 

SOS Monomer 
Teff 

1.82 1.85 1.90 1.97 2.03 3.03 4.23 4.84 
12.5 12.3 12.0 11.5 1 1.2 7.5 5.4 3.2 

Micelle 0.57 0.60 0.55 0.66 0.66 0.86 1.28 2.78 

SDS Micelle 0.56 0.48 0.44 0.47 0.47 0.47 0.47 0.49 0.49 0.92 1.20 2.90 

(b) «-alkyl sulfonates. 

No. of carbon atom 

Monomer 
Teff 

2.82 
8.1 

4.00 4.0* 
5.7 3.8 

Micelle 1.32 2.56 2.63 

Monomer 

Micelle 

reff 

2.83 
8.0 

3.53 4.11 4.89 
6.4 5.5 3.2 

0.83 1.14 1.43 3.13 

a The Ti values of micelles were obtained from the inter-
cepts at 1/C = 0. 
b For the calculation a C - H distance (rCH) °f 1.09 A 
and the number (N) of protons attached to the C-13 atom 
were used. 
c Alkyl carbons are numbered from the CH2 group ad-
jacent to the polar group to the terminal methyl. 

Fig. 1. Carbon-13 spin-lattice relaxa-
tion rates as a function of the inverse 
concentration for (a) SES and (b) SBS 
in D 2 0 solution at 32 °C. 7", values 
are accurate to ± 5%. 
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sive decrease f r o m the C H 3 end to the polar group . 
For SPSu, SBS and SBSu, the relat ive T\ values of 
C- l to those of the C H 2 ca rbon nearest to the 
terminal C H 3 a m o u n t to 0 . 6 8 - 0 . 7 1 , and for the 
monomer solut ions of S H S and SOS the relat ive 
ones to 0 . 4 3 - 0 . 5 7 . These observat ions show that 
rotation about the C H 2 - 0 or C H 2 - C H 2 bonds 
nearest to the polar g r o u p is restricted in the mono-
molecular state. 

In the T\ values of the a lkylsulfa te ions, the effect 
of conformat ions a b o u t the C H 2 - C H 2 g roups 
nearest to the polar g r o u p m a y be cons idered 
because in R a m a n s tudies of SES [ l a , 6] the 
ethylsulfate ion has been f o u n d to exist p r imar i ly in 
the trans fo rm in 0 . 6 7 - 5 . 4 mol/1. 

For m o n o m e r i c SPS, SBS, S H S and SOS solu-
tions, a preferent ia l s tabi l iza t ion of the c o n f o r m a -
tion about the C H ? - 0 bond possibly occurs [6], 
This causes a restr ict ion of the C H 2 - 0 segment , 
which results in the shortes t T\ of the C - l a tom 
nearest to the sul fa te g roup . 

In the R a m a n spectra of SPSu the t rans and 
gauche lines have been observed [7], However , even 
in the m o n o m e r state the t rans fo rm p redomina tes . 
This fact also leads to the restricted state of the 
C H 2 - C H 2 bond nearest to the S 0 3 group. 

The C - l 3 T, of a p ro tona ted carbon in a large 
molecule is d o m i n a t e d by 1 3 C - ' H d ipo le -d ipo le 
interactions and given by the equa t ion 

\/NT, = ti2y2
cy2

Hrc6
Hze{{, (2) 

where N is the n u m b e r of direct ly a t tached protons , 
7c and yH are the gy romagne t i c ratios of C - l 3 a tom 
and H - l , respectively, /'ch is the C - H bond length, 
and Teff an effect ive cor re la t ion t ime for ro ta t ional 
reorientat ion of the C —H relaxat ion vector [4], 
When internal ro ta t ions occur , reff means an average 
correlation time. The NT] value is inversely propor-
tional to refT and gives an indica t ion of rota t ional 
mobil i ty and segmenta l m o t i o n of the alkyl chain. 

For the observed T\ values, be low the C M C the 
overall mot ion of the whole molecu le is p r e d o m i -
nant. However, above the C M C the internal m o t i o n 
of the //-alkyl chain and micel lar mo t ions are the 
main cause of the d i f fe rence observed. E q u a t i o n (2) 
is appl icable to the 7Ydiscussion of m o n o m e r solu-
tions [4, 5, 8], 

For the m o n o m e r state of s imple a lkylsul fa te and 
sulfonate ions, the effect ive corre la t ion t imes of all 
carbon a toms ob ta ined f r o m (2) also indica te tha t 
the mobil i ty of the short chains increases g radua l ly 
f rom C- l to the methyl end. 

For the SES solut ion, the internal ro ta t ion a b o u t 
the C H 2 - 0 bond can be neglected because of the 
preferential s tabi l izat ion of the t rans fo rm. T h e 
effective correlat ion t imes of the m o n o m e r s inc lude 
only the cont r ibut ion of the overall r eor ien ta t iona l 
motion. For o ther s imple a lkylsul fa te ions, the 
contr ibut ion of the internal ro ta t ion a b o u t the 
C H 2 - 0 bond to the reff value can also be neglected. 

The transit ion f r o m m o n o m e r s to micelles results 
in a decrease in the F, values for all ca rbon a toms . 
The T\ values in the micel lar state, listed in T a b l e 1, 
were obta ined f r o m the intercepts at 1 / C = 0. F o r 
SOS and SDS, the extent of a decrease in the F , , 
the relative T] of micelles to tha t of the m o n o m e r s , 
is identical with that of the s a m e sur fac tan ts re-
ported by Kragh-Hansen [8]. F o r SHS, the re la t ive 
F, values of C - l and C-2 are in accordance with 
those of SOS. It should be noted tha t the relat ive Tx 

values of C- l and C-2 in SES, SBS, SPSu and SBSu 
are reduced to a cons iderab le extent ( 0 . 3 0 - 0 . 4 7 ) . 

For SPSu, SBSu, SBS and S H S in a q u e o u s 
solution, above the C M C c o n f o r m a t i o n a l change of 
the segments has been demons t r a t ed by R a m a n 
studies [7], Such con fo rma t iona l change also be-
comes a dominan t mechan i sm of the spin- la t t ice 
relaxation. However , it is d i f f icu l t to in te rpre t in 
detail the carbon-13 F, change on micel l iza t ion in 
connection with the con fo rma t iona l change. 
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