American Journal of Analytical Chemistry, 2013, 4, 445-450

http://dx.doi.org/10.4236/ajac.2013.49056 Published Online September 2013 (http://www.scirp.org/journal/ajac)

+5% Scientific
*3% Research

Green Synthesis, Composition Analysis and Surface
Active Properties of Sodium Cocoyl Glycinate

Guiju Zhang*, Baocai Xu, Fu Han, Yawen Zhou, Honggin Liu,
YunxiaLi, Lu Cui, Tingting Tan, Nan Wang
School of Food and Chemical Engineering, Beijing Key Laboratory of Flavor Chemistry, Beijing Higher Institution Engineering
Research Center of Food Additives and Ingredients, Beijing Technology and Business University, Beijing, China
Email: “zhangguiju2013@yahoo.com

Received June 11, 2013; revised July 12, 2013; accepted August 13, 2013

Copyright © 2013 Guiju Zhang et al. This is an open access article distributed under the Creative Commons Attribution License,
which permits unrestricted use, distribution, and reproduction in any medium, provided the original work is properly cited.

ABSTRACT

Cocoyl glycine was synthesized directly from coconut oil and sodium glycinate in yield of 87%. IR, ESI-MS and
LC/MS analysis results showed that cocoyl glycine consists of a series of acyl glycines with different acyl chain lengths,
and the proportion of each component was consistent with the composition of fatty acids derived from coconut oil. The
surface tension and the Critical Micelle Concentration (CMC) of corresponding sodium salt were evaluated. The result
showed that sodium cocoyl glycinate reduced the surface tension of water to a minimum value of approximately 33

mN-m ! at CMC of 0.21 mmol-L".
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1. Introduction

Acyl amino acid surfactants are considered modified
fatty acids in which the hydrocarbon chains are inter-
rupted by an amido linkage, which imparts greater solu-
bility and enhances adsorption characteristics compared
to the parent fatty acids [1]. These surfactants are widely
used in consumer product formulations because they in-
teract favorably with skin and hair, and are of low toxic-
ity and hypoallergenic, also do not cause eye irritation,
and are readily biodegradable [2,3]. Moreover, acyl
amino acid surfactants have better stability towards hard
water and high concentration electrolyte, and many of
them possess excellent emulsifying and antimicrobial
activities, which render them valuable as additives in the
formulation of food, cosmetics, personal care and phar-
maceutical products [1,4-5].

Acyl amino acids are produced commercially by the
Schotten-Baumann reaction in which condensation of a
fatty acyl chloride with an amine is carried out under
alkaline conditions [6-10], and the crude sodium salt is
acidified to liberate the free fatty amino acid, which can
be neutralized to form the corresponding salts, taking
cocoyl glycine as an example shown in Figure 1, where
RCO—represents the fatty acids derived from coconut
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oil.

However, the aforementioned process for acyl amino
acids production usually uses toxic and irritant fatty acyl
chlorides, as well as PCl; or SOCl,, giving rise to envi-
ronmental pollution and also leading to undesirable odor
and irritation of final products, which cannot be got rid of
even by further purification steps. Some researchers have
endeavoured to overcome such drawbacks by using bio-
catalysis instead of chemical process [11-14]. Indeed,
enzymatic reactions are alternative owing to their mild
reaction conditions and the limited use of chemicals.
Nevertheless, bio-catalytic reactions usually require long
reaction time and high-cost, and bring about relatively
low yields in some cases.

In this work, the green synthesis of cocoyl glycine di-
rectly from coconut oil and sodium glycinate was intro-
duced, shown in Figure 2, where RCO—represents the
fatty acids derived from coconut oil.

This process is simplified compared to Schotten-Bau-
mann condensation. Most important of all, it is environ-
mental-friendly, because of employing no toxic and irri-
tant reagents. This paper describes the green production,
characterization and composition analysis of cocoyl gly-
cine using IR, ESI-MS and LC/MS methods, as well as
surface active properties of sodium cocoyl glycinate.
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Figure 1. Schotten-Baumann reaction to produce cocoyl
glycine.
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Figure 2. Green synthesis of cocoyl glycine from coconut ail
and sodium glycinate.

2. Experimental Section
2.1. Materials

Coconut oil was obtained from Kerry Oleochemical In-
dustrial Co. Ltd., Shanghai. Glycine was provided by
Biodee Biotechnology Co., Ltd., Beijing. Methanol and
Formic acid (HPLC grade) were purchased from Dikma
Technologies Inc., Beijing. Other materials and reagents
were used as received.

2.2. Experimental Methods

The infrared (IR) spectra were recorded on a Thermo
Fisher Nicolet iS10 FT-IR Spectrometer at room tem-
perature (KBr).

Composition analysis of cocoyl glycine was performed
by high-performance liquid chromatography (HPLC)
coupled on-line to an electrospray ionization mass spec-
trometer (ESI-MS). For HPLC/MS the following instru-
mentation was used: LC-20A HPLC system (Shimadzu,
Japan) was coupled with an API3200 triple-quadrupole
mass spectrometer (AB SCIEX, the United States).
Column: XAqua C8, 4.6 x 250 mm, 5 um (Huapu,
China). The HPLC solvents were solvent A (deionized
water/0.1% formic acid) and solvent B (methanol/0.1%
formic acid), while A/B was 24/76(v/v) and flow rate
was 0.3 mL/min.

Aqueous solution equilibrium surface tension values
were obtained by the Wilhelmy plate method using a
Dataphysics tensiometer, model DCATI11. The CMC
value was taken at the intersection of the linear portions
of the plots of the surface tension against the logarithm
of the surfactant concentration. Surfactant solutions were
prepared with distilled, deionized water. Sample tem-
peratures were stable at 25°C = 0.2°C.

Copyright © 2013 SciRes.

2.3. Synthesis of Cocoyl Glycine

Sodium glycinate was obtained from glycine neutralized
with NaOH aqoeous solution in a three-necked flask.
After the water was evaporated, stoichiometric coconut
oil and catalytic amount of CH;0ONa were added with
stirring, and the reaction solution was heated to about
160°C and stirred for 4 - 5 h. The reaction mixture was
cooled to 60°C and dissolved in water with acidification
by HCI solution, leading to a white precipitate of cocoyl
glycine in a yield of 87%.

3. Results and Discussion
3.1. Characterization of Cocoyl glycine

IR spectra of coconut oil and cocoyl glycine are shown in
Figure 3. In comparison to starting material coconut oil,
the appearance of new peaks at about 3310 cm ' and
1643 cm' indicates the formation of amido linkage,
which are ascribed to the N-H and C = O stretching vi-
bration of the acylamino group, respectively [10,11]. The
absorption at about 1742 cm™' is ascribed to the C = O
stretching vibration of the ester linkage, While at about
1698 cm ™' is ascribed to the C = O stretching vibration of
the carboxyl group.

Since coconut oil is a mixture of various triglycerides,
the fatty acids of which consist of octanoic acid, deca-
noic acid, lauric acid, myristic acid, palmitic acid, stearic
acid and a few unsaturated fatty acids [15,16]. Conse-
quently, the target product cocoyl glycine is also a mix-
ture including a series of compounds with different acyl
chain length.

Full-scan mass spectrum (ESI') of cocoyl glycine is
shown in Figure 4. m/z = 200.1, 228.1, 256.1, 284.1,
312.2, 336.2, 338.2 and 340.3 are ascribed to octanoyl-
glycine, decanoyl glycine, lauryl glycine, myristyl gly-
cine, palmityl glycine, linoleoyl glycine, oleoyl glycine
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Figure 3. IR spectra of coconut oil and cocoyl glycine.
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Figure 4. Full-scan mass spectrum of cocoyl glycine.

and stearyl glycine, respectively. These results are con-
sistent with aforesaid expectation.

3.2. LC/MSAnalysis

The surface properties of acyl amino acid surfactants are
closely related to their structures, such as their acyl chain
length [4]. It is essential to explore the composition of
cocoyl glycine by LC/MS analysis.

The total ion chromatorgraphy of cocoyl glycine is
shown in Figure 5. Ascription of each single peak is ac-
cording to mass spectra at corresponding retention time,
shown in Figure 6. While the mass spectrum at 17.39min
(C18:2) is not listed due to weak singals.

It is also shown that cocoyl glycine consists of a series
of acyl glycines with different acyl chain length accord-
ing to LC/MS results. A summary of the data is complied
in Table1.

The most prominent component in cocoyl glycine is
lauryl glycine (C12:0) (43%), and myristyl glycine
(C14:0) (21%) takes the second place. Besides a series of
saturated homologous compounds, there are also a few
unsaturated acyl glycines (C18:1, C18:2) (7%, 1%) in the
mixture.

This outcome is approximately in line with the re-
ported results about fatty acid composition of coconut oil
[15,16], which indicates that acylation of glycine has no
selectivity for fatty acids with different chain length.

Copyright © 2013 SciRes.

25E6+

20E6

15E6

Intensity (cps)

10E6

5EE <

C12:0

C14:0

Time (min)

Figure 5. Total ion chromatorgraphy of cocoyl glycine.

Table 1. The composition of cocoyl glycine.

Acyl chain ~ Retention Time Peak area
length (min) m/z (Da) (%)
C8:0 432 200.1 5
C10:0 5.65 228.2 9
C12:0 7.88 256.1 43
Cl14:0 11.97 284.1 21
Cl16:0 19.39 312.1 10
C18:2 17.39 336.2 1
C18:1 23.33 338.2 7
C18:0 33.52 340.3 4
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Figure 6. Mass spectra at 4.32 min, 5.65 min, 7.88 min, 11.97 min, 19.39 min, 23.33 min and 33.52 min, respectively.

3.3. Equilibrium Surface Tension M easurements

The synthesized cocoyl glycine is in its acidic form,
having free carboxylic group. Since the surface activity
of surfactants is ensured by the presence of both hydro-
philic and hydrophobic parts, the cocoyl glycine was
neutralized with a NaOH solution in order to provide the
affinity for water.

The equilibrium surface tensions of dilute aqueous so-
lutions of sodium cocoyl glycinate were measured and
shown in Figure7.

The minimum surface tension (ycmc) values were
acquired by analyzing the plateau region of the plots. The
critical micelle concentrations (CMC) of sodium cocoyl
glycinate were acquired by analyzing the intersection
point of the plateau region and the steeply downward
sloping portion of the plots.

The surface excess of sodium cocoyl glycinate at the
CMC (I'max) was obtained from the Gibbs absorption
equation:

oy

1
-- M
2.303nRT \ OlogC ),

max

where y represents the surface tension in mN'm ™', R is
the gas constant (8.3144 J-mol "-K™"), T is absolute tem-
perature, C is surfactant concentration, §y/9logC was
obtained from the slope of the linear surface tension (y)

Copyright © 2013 SciRes.
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Figure 7. Plot of equilibrium surface tensions of aqueous
solution of sodium cocoyl glycinate versus log mole concen-
tration.

versus logC plot. In our solution, we can setn =1 [17].
The minimum area of the amphiphile head group at the
surfactant saturated monolayer at the air/solution

interface (4,) was obtained from the relation:
1 018
min i — (2)
N A Iﬁmax

where N, is Avogadro’s number.
The free energy of micellization (AG) of sodium co-
coyl glycinate was obtained from the CMC value.
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AG =RTn [%J A3)
55.5

The interfacial parameters are presented in Table 2.

Sodium cocoyl glycinate reduced the surface tension
of water to a minimum value of approximately 33
mN'm ' at the CMC of 0.21 mmol'L™". While the CMC
of sodium lauroyl glycinate was 12 mmol-L™" [18],
which is higher than that of sodium cocoyl glycinate by
two orders of magnitude [18]. Similarly, the CMC of
sodium lauroyl sarcosinate produced was 14.3 mmol-L™"
at 298 K [19], which is also much higher than that of
sodium cocoyl glycinate [19]. For sodium salts of stea-
royl amino acids, the CMC was about 10~ magnitude
[20], which is higher than that of sodium cocoyl gly-
cinate by one order of magnitude as well.

The I'pax value of sodium cocoyl glycinate is larger
than that of sodium lauroyl sarcosinate, while the A4, is
less than the latter [19]. This results from smaller hy-
drophilic head group of glycinate. The AG value reveals
that the process of micellization in solution is thermo-
dynamically favored.

4. Conclusions

Cocoyl glycine was synthesized using coconut oil and
sodium glycinate as raw materials. To the best of our
knowledge, this is the first time to employ oil (fatty acid
glyceride) as acylation regent rather than fatty acyl chlo-
ride to prepare acyl amino acid surfactants.

The structure and composition of cocoyl glycine have
been identified by IR, ESI-MS and LC/MS analysis. The
results showed that cocoyl glycine consists of a series of
acyl glycines with different acyl chain lengths, and the
proportion of each component is consistent with the
composition of fatty acids derived from coconut oil.

The equilibrium surface tension results showed that
sodium cocoyl glycinate possesses considerably lower
CMC than that of sodium lauroyl glycinate, sodium
lauroyl sarcosinate, and sodium salts of stearoyl amino
acids as well, which may be related to its multi-con-
stituents. It is very attractive to investigate the composi-
tion-property relationship of sodium cocoyl glycinate

Table 2. Interfacial parameters of sodium cocoyl glycinate.

Parameters Values
CMC (mmol-L ™) 0.21
Yeme (MN-m ") 33.1
nax (umol-m2) 5.4
Apin (nm*-mol ™) 0.31

AG (KJ-mol™) -30.9

Copyright © 2013 SciRes.

and other oleo-based amino acid surfactants thoroughly.
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