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T H E  SEMI- UANTITATIVE 
IDENTIFICATIO f9 OF HYDROPHOBES 

IN NORMAL ALCOHOL ETHOXYLATES 
BY HYDRlODlC ACID CLEAVAGE AND 

WITH U V  DETECTION 
REVERSED-PHASE HPLC ANALYSIS 

MATTHEW BENNING, H. LOCKE, 
AND R. IANNIELLO 

GAF Chemicals Corporation 
1361 A l p s  Road 

Wayne, New Jersey 07470 

ABSIRACT 

A methcd is described for the quantitative reversed-phase HPLC 
analysis of n-alkyl iodides mined fran HI cleavage of linear 
al-1 ethaxylated surfactants. The method is an inprovemnt 
over previous techniques in that the detection is both iodide 
specific and is demonstrated for carbon chain lengths fran 1 to 
18. 

The far characteristics of a surfactant that need to be 

specified for unique identification are hydraphile, hydxqhobe, 

functimal g r u p  and molecular weight (distribution). As a 

result of the complex variations that exist in ccmnercial 

pmducts, no single technique has daninated the analysis of 

surfactants with analysts making use of ampl- techniques 
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758 BENNING, LOCKE, AND IANNIELLO 

to characterize products. Isolation of a surfactant is 

typically performed by column chromatography and general 

classification of the separated ccanponents can be made by 

spectroscopic techniques, primarily NMR, W/VIS and IR 

spectroscopies. In ethoxylated surfactants the hydqhcbe 

moiety is often not a siqle species but a mixture of hanologs 

that cannot be differentiated by NMR. Additionally, an ammate 

ethylene oxide content cannot be assigned by NMR withcut an 

average hydrophabe carbon rnmber ( n e d d  as an intqration 

reference). 

A wet technique for the determination of ethylene oxide 

content by cleavage of the polyether with hydriodic acid has 

been described by Siggia (1,2) and has h e n  in u s e  for many 

years in surfactant analysis. A polyether surfactant is 

refluxed in hydricdic acid-water azeotrcpe to form the normal 

idde of the hydrophobe. 'Ihe h-le is cleaved to form the 

corresponding iodides and if ethylene oxide is present the 

unstable 1,2 iodides are produced decanposing to liberate iodine 

and ethane. 

The reactivity of n-alcohol hykqhbes tcwards HI was faurd to 

be sufficiently mlete to merit extraction of the long chain 

n-alkyl iddes and GC analysis ( 3 ) .  In this modification, 
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IDENTIFICATION OF HYDROPHOBES 759 

iodides are analyzed by RP-HPU: and mnpared to GC results 

obtained by direct injection of al-ls. 

MATEmAw 

RBasents 

Derivatization and extraction was performed us- hydriodic 

acid aqueous azeotrope (Aldrich chanicdl), HPLC grade 2-propanol 

(Aldrich), 20% potassium iodide (Baker Analyzed merit Grade) 

in laboratory distilled water, HpL13 grade hexane (Aldrich), 

reagent grade anhydrous sodium sulfate (Aldrich) and nitrogen 

(AGL W e l d i n g ) .  Bimd AG1-X2 hydroxide form analytical grade 

ion-exchange resin was used for 

AaMlatus 

of ionic interferences. 

Ihe derivatization was performed in a 50 m l  rourd bottan 

flask with a stopcocked gas inlet arm connect& to a pressure 

regulated nitrogen tank, a 300 mn water jacketed condenser, a 

90" d q  elbow, w o n  tubing, a gas scrubbing bottle and a hot 

plate. Extraction was performed usirq a Kmrtes selective 

take-off funnel, whatman No. 41 ashless filter paper and a glass 

funnel. Sqle cleanup was aided by the use of Baker Solid 

Fhase Extraction 3 ml Filter lhbes hand packd with Biorad AG 

1-X2 200-400 mesh hydroxide form ion-exchange resin in 

isopropanol and a Solid Fhase Extraction Manifold (Supelm 

#5-7030). 

LiaUid --& Svs tern 

MI m system consisting of a Kratos 430 l o w  pressure 

gradient former, a Kralms 400 pump, a Krabs SF769 W detector, 
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760 BENNING LOCKE, AND IANNIELLO 

ard a wleodyne 7125 injector w i t h  a 20 ul sarrple loq3 was use l  

for the analysis. !Re stationary @mse oonsisted of a waters 

u8c?ldapak C18 Analytical Qlunm of 30 an length by 3.9 mn id. 

and an A l l t e c h  Universal 5u C18 Adsobosphere Precolumn 

cartridge. peak areas were used for quantitation and were 

obtained w i t h  a Shimadzu C-R4A mta pracessor. 

Gas-icSvstem 

A system consisting of a Hewlett packard M a k l  5870 GC w i t h  

a 25 m by 0.32 nun i.d. -1 (dimethyl silicone, 0.52 u film) 

column and FID was used with an injection and detector 

tenperatue of 320'C. 

m?E?E 

Cleavaue procedure 

Ehcugh surfactant to yield apprcmimately 100 mg of cleaved 

hy%qhobe was weighed to the nearest 0.1 mg into the 50 m l  

round bottom flask and connected t o  the apparatus. Nitmgen 

f law was adjusted 80 that it cmld can be seen emanating fmn 

the sparge tube a t  a rate equivalent t o  2 bubbles per second. 

After sparging the a m t u s  for 15 minutes I the adapter atap 

the Allihn condenses was remwed and 10 ml of refrigerated HI 

was piww in. me system was ?==3enbled, heat was applied, 

ard the reaction mixtum was allowed to meflux for 90 mirrutes 

thsn cooled to anbient tenperature. After rerwing the top 

adapter and turning off the nitrogen, ths b i d e  of ths 

was washed dawn w i t h  20 m l  of KI solutiopl t2m1 15 m l  
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IDENTIFICATION OF H Y  DROPHOBES 76 1 

of isopropanol. Undissolved iodine, crystallized in the 

condenser, was washed into a 400 ml beaker by parring the 

reaction mixture back through the condenser and into the 

beaker. A final rinse of equal amounts of K I  solution and IPA 

cleaned up the condenser. 

'Ihe aleolic mixture was titrated to a colorless endpoint 

with the 2N sodium thiosulfate then neutralized with 0.W NaOH. 

Ihe reaction mixture was transferred to a selective take-off 

funnel and extracted three times with 75 m l  hexane, each time 

the hexane being allowed to clarify by standing, then passed 

lArcuqh 15 grarns of anhydraus sodim sulfate. The beaker was 

placed under a sttz~dy stream of nitrogen to drive off the hewne 

and weighed. The residue was dissolved in IPA to a~mximate 

0.2% w t .  and analyzed by HPLC. ~n aliquot (5 ml)  of this 

solution was passed through an activated and IPA equilibrate3 

amine SPE column at such a rate that the eluting d r o p  carld be 

visually distinguished. The treated solution was analyzed by 

WE. 

c 3 l r c m a t a l I a ~  ic Analysis 

~ p u 3  analysis was performed using a starting mile phase 

ccanpasition of 75/25 % v/v methanOl/H20 under a first order 

linear gradient to 50/50 % v/v methanol/isoprapanol in 30 

minutes with a subsequent hold for 5 minutes at a flow rate of 

1.5 ml/min. W detection was used at 252 nm. The column was 

equilibrated with the initial mobile phase capxition for one 

hour each day before analysis. Additionally, *enever the 
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162 BENNING, LOCKE, AND IANNIELLO 

initial system back pressure rose f m  150 barr to 200 barr, the 

precolunm cartridge was replaced in order to equilibrate column 

back pressure and restore the w baseline. 

GC analysis was performed by direct injection of 1 ul 

volumes using a 6:l helium carrier split at an initial 

tmperatur-e of 100°C with a thernral gradient of 10°C/minute to 

250°C on hold for 5 min.  

RFSLTLTS AND DISCUSSION 

Since HPE is a technique finding increased use in the 

analysis of pre and formdated surfactant products, it seemed 

logical to adapt the ASIM GC method (3)  for hydmphobe analysis 

to rn. Limited literature references show that Lc has been 

used for alkyl iodide analysis (4 )  but not for the higher m n  

chain lenqths typical of surfactant hydrophobes, e.g. Ziegler 

alcohols sold by Vista (am). 

The pblishea methods used isoprqanol to puge the cleavage 

apparatus of any iodide pmducts am3 the solubility of n-alkyl 

iddes is such that cabon chain lengths under 20 will be 

eluted. A W scan of a 0.1 weight % n-icdodecane in IPA (Figure 

1) shws a single nraxinarm at 252 nm defining the detection 

wavelength. mis wavelength correspollcls to the n to Q * 
transition (5). 

A standard solution containirq 0.1 w t .  % each of 14 n-alkyl 

iodides w a s  analyzed 12 tims with the described Lc conditions 

(Figure 2) .  

D
o
w
n
l
o
a
d
e
d
 
A
t
:
 
1
3
:
5
7
 
2
4
 
J
a
n
u
a
r
y
 
2
0
1
1



IDENTIFICATION OF HYDROPHOBES 763 

I I I I I I 
I I I I I 

I I I 
I I 

210. 230. 250. 27b. 290. 

xE 0 
Wavelength (nm) 

FTaJRE 1 w spectrum of 0.1 weight % n-icdodcdecwie in 
ismporpanol versus isoprapanol reference. 

o 00 4 37 8 75 11 13 17 50 21 88 26 26 30 63 35 01 

R t t tn t lm Tom Irnlnl 

FIam 2 Standard solution of 0.1 weigiit % each of Aldrich 
n-alkyl iodides i n  isoprapanol. 
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164 BENNING, LOCKE, AND IANNIELLO 

Replicatior, of both retention times and integrated areas was 

exoellent (Table I). 

Factors wnverting integrated areas to iodide concerrtrations 

were defined by dividing the weight % iodide standard by the 

average integrated area. A plot of chain length versus 

integration factor (Figure 3) resulted in a first order linear 

equation with a correlation coefficient of 0.996. Elimination 

of the C18 factor (Aldrich C18 iodide had a technicdl grade 

purity of < 98 %) imprmred the value to 0.999. ' Ihis equation 

gave refined integration 'factors for the standards as well as 

those iodides not commercially available. The iodide 

distribution is finally converted to a normalized alcchol 

distribution. 

"he awlicability of this method is demonstrated for fatty 

alcohols and cross-referenced to GC analysis by direction 

Table I 

chain 
Lensth 
1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
11 
12 
16 
18 

R.T. 
Aw 
2.79 
3.23 
3.80 
4.67 
7.79 
10.0 
12.4 
14.9 
17.2 
19.5 
21.5 
23.3 
28.9 
30.9 

Std. 
Dev. 

0.06 
0.04 
0.06 
0.06 
0.12 
0.17 
0.19 
0.21 
0.22 
0.21 
0.21 
0.22 
0.19 
0.17 

Coeff. Int. 
var. % Area 

2.45 326533 
1.51 2141740 
1.61 2984550 
1.45 2816111 
1.65 2624348 
1.71 2800968 
1.56 1807945 
1.43 2038109 
1.27 1929256 
1.11 2136071 
0.99 1878702 
0.96 1887978 
0.68 2520121 
0.57 1325839 

std. 
Dar. 

37894 
37497 
57275 
80102 
29998 
20300 
24927 
67274 
22365 
27935 
41748 
40571 
47044 
34704 

Coeff. 
var. % 

11.6 
1.7 
1.9 
2.8 
1.1 
0.7 
1.3 
3.3 
1.1 
1.3 
2.2 
2.1 
1.8 
2.6 
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IDENTIFICATION OF HYDROPHOBES 165 

Corbon Choln Langth 

FIGURE: 3 Linear regression plot defining integration 
factors for n-awl iodides (0 = experimental 
factors). 

injection. The resule f m  analyses of three cmtmrcial 

hychqhoks are campared in Table I1 ard shw good agreement. 

when the HPII: procedure was amlied to formrlated products, 

unexpected peaks having reproducible retention times kR 

inconsistent intensities (varying with separate cleavages) w e r e  

&iced. Analysis of a PEG 1000 (J.T. Baker) shawed these same 

peaks were present in the cleavage extract. A simple 

ion-exchange pra=edure rermved iodine a d  these spurious peaks 

(Figure 4). 
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RENNING, LOCKE, A N D  IANNIELLQ 

-.- 
.sen -- 

. 420 

. ~ S O  

. 140 - -  

Table I1 

-- 

-- 

Nucdaol Name JiFW D i S t r i h t i o n  GC D i s t r i t u t i o n  

Alfol 8-10 17.8 % 20.3 
82.2 % C1o 79.7 

Alfol 1214 67.3 % C12 69.9 
32.7 % C14 30.1 

Alfol 1618 62.4 % c16 62.5 
37.6 % c18 37.5 

1s 2s an 

Rotontlon T h o  ( m i d  

FIaRE 4 Chromatograms of PEG (MWt 1000)  cleavage 
extracts. m: Before ion-excbge. 
U t :  After ion-exdmye. 
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IDENTIFICATION OF HYDROPHOBES 

. 2 4 0  

. I 8 0  

? 

767 

- 

-- 

-- 

. 2 4 0  

. 180 

P 
N m 

.I20 

n E 
b 
n . 000 
c 

L 
15 2s 3¶ 

Retention Tine (mid 

L 
IS 25 3s 

Retention Time ( m i d  

FTGURE 5 Chromatograms of sulfated ethoxylated alcohol 
cleavage extracts. 
Left: Before ion-exchange. 
Riqfit: A f t e r  ion-exchange. 

A cleaved sulfated ethoxylated dlcahol was andlysed before 

and after the ion-exchange procedure (Figure 5). Peak 

intensities of the artifacts dropped significantly. ?he 

e x p e c t d  iodide peaks shmed a slight drop after ion-exchange, 

either due to dilution from the alcohol displacirq water in the 

resin or the conversion of iodide back to alcchol by the resin. 

However, normalized alcohol distrjlxrtions s h d  little change. 

To demonstrate the integrity of the hydrophobe 

distrihtions derived fmm nonionic and anionic surfactants with 
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768 BENNING, LOCKE, AND IANNIELLO 

identical hydrophoks, produds fran different stages of a 

synthesis sequence were cleaved ard analysed. ?he hydqhobe 

distributions wax identical (Table 111). 

Reprducibility was evaluatd by analyzing Alfol 1412-60, an 

ethoxylated alcohol nonionic containing an Alfol 1412 hydmplobe 

(Table IV). Eight separate samples w e r e  cleaved, subjected to 

ion-exchange, ard mlyzed by HpLI3. canparison of data to the 

hydruphoke specifications is shm in Table IV. 

The larger deviation noticed in the n-decyl and n-hexadecyl 

almhols is due to the relative smallness of the peaks which had 

correspondingly smaller signal/noise ratios. Still, the 

variations noted for the cleavage procedure fall well within the 

production variations quotd by the mmfacturer. 

Table I11 

surfactant SlJecies %O % C12 % C14 % C16 

Alfol 1216 CD 0.52 69.01 24.85 5.62 
Alfol 1216 + 50 moles €33 0.52 68.24 25.40 5.84 

68.19 25.95 5.43 

0.50 69.33 24.67 5.50 

Table IV 

Manufacturer 
Alcchl Mean% stdm ItSD% a2e!z&% 

"*lo 
"*12 

1.81 0.24 13.24 2.0 max 
37.16 1.03 2.77 38.0 k 4 
59.12 1.13 1.91 59.0 f 4 
1.91 0.37 19.44 5.0 IMx "*14 

"*16 
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IDENTIFICATION OF HYDROPHOBES 769 

The Hpu3 conditions were  ausorily evaluated for bmnched 

alcohol hydrcphobe types. Feak widths and retention tins for 

branched hydxqhobw, were unique with respect to one another, 

however these peaks can overlap those of the nonnal alcahols, 

mJ&q sinniLtaneaus detection depenaent on the species present. 

In addition, the cleaMge and Hm(: corditions wre amlied 

to al)cyl@wznol ethoxylates. 'Ihe resulting W absortsing alkyl 

iodides, ammatic iodides and artmatic species w e r e  not resolved 

fmm one anather. 'Ihus the procedure cannut be amlied for 

these canpaunds without substantial modification. 

a3NcUSIoNS 

'Ihe Hm(: analysis of cleaved alcohol ethoxylates has sham 

to give canparable results to GC us% the iodide specificity of 

W detection. The specificity of the Hpu3 method for alkyl 

iddes is particularly advantageas, cmpred to GC/FTD, due to 

the nonselective detection of unlamwn fraqnb=nts occasionally 

w e d  by Gc. The stability of the extemal stimkud method 

used for Hm(: is a decided advantage over the intema lstandards 

required by GC (4 )  . Accuracy and precision are of sufficient 

quality to make this procedure suitable for both quality control 

of alcahol ethoxylates as well as identification of unknown 

related nonionic and anionic types. 
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