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Abstract:

Since the discovery that monomolecular films retard water evaporation, increased attention has been
focused on the basic chemical and .physical properties of long chain alcohols which form such films.
The present study is part of an effort to measure water solubility, a property of these compounds which
has economic significance. Three samples of hexadecanol tagged with carbon-14 were purchased from
three different companies and were used in the preliminary solubility measurements. Each- sample
proved to be impure with significant amounts of radioactivity appearing in the impurities. : - , Column,
preparative thin layer, thin layer, and .gas chromatographic techniques were used in attempts to purify
the commercial samples-of hexadecanol-1-C14 . Preparative thin layer chromatography resulted in a
99.5% radiopurity for one sample of hexadecanol-1-C14; however, the alcohol still contained some
lower molecular weight homologs and a small amount of water soluble tagged impurities. The failure
of radiotracer experiments to produce a reasonable solubility for hexadecanol was attributed to the
presence of these water soluble carbon-14 labeled impurities.
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 ABSTRACT

Since the discovery that monomplecular films retard water evaporation,
increased attention has been focused on the basic chemieal and physical
properties of long chain aleohols which.form such films. :The present study
is part of an effort to measure water solubility, a property of these '
compounds which has economic significance. Three samples of hexadecanol
tagged with carbon-14 were purchased from three different companies and
were used in the preliminary solubility measurements. Each-sample proved
to be impure with 51gn1flcant amounts of radloact1v1ty appearlng in the .
impurities. 4 | Co

. Column, preparative thin layér, thin layer, and gas chromatographic
techniques were, Esed in attempts to purify the commercial samples.of
hexadecanol-1-G! Preparative thin layer chromsto %ﬁaphy resulted in a
99.5% radiopurity for one sample of hexadecanol-1~C however, the alcohol
still contained some lower molecular weight homologs and a small amount of
water soluble tagged impurities. The failure of radiotracer experiments to
produce a reasonable solubility for hexadecanol was attributed to the
presence of these.water soluble carbon-i4 labeled impurities.




INTRODUCTION

Modern qivilization has placed an increasing burden on the natural
resources of the United States.’ fhe future needs of our exploding popula-
tion require efficientvconservation of ﬁheSe resources, Water, a vital
resource, must be available in ébuﬁdant quantities; its shortage would
cause a serious decline in our nation's economy. "The water conservation-
istl!s task is complicatqd by an uneven sé;sonal distribution §f precipita~
tion coupled with varying_ragional climatie conditions. Storing spring
runoff in 1arge, man mad; reservoirs is one method used to insure an evenly
distributed arnual water supﬁlyu Stored watér is then available during dry
summers for crops, 11vestock industry, and human consumptlona Reservoirs
in providing a solution to the seasonal problem have ereated several new
ones, such as, water loss through seepage and-evaporation.

In the Western United States eVaporétién accoﬁnts for an amnual water
loss of 25 million acre feet (1). Acéording to Magin and Réndall (2), "The
evaporation lqss'is-serious becauﬁe it is usually- greatest in dry areas
where the supply is most valuable. For examplg; in the Great Basin and the
Colorado Rivgr Basin,-wheré thé needs fér watgr exceed - the amounts-available,
evaporation dissipates aimoSt oneusirth of the availarle wéter supply. Great
economie gain weuld-reéult in all arid aréas if as much as oneefourth of the
evaporation from stored water could be prevented."-

Economical methods whlch retard evapmratlon are becomlng more of a
necessity each year. One:mgthod_presently.be;ggAstudled uses long chain

primary alcohols. The alcohol, or mixture of alcohols, when applied to the

water surface forms a film one molecule thick (sz); Under ideal laboratory .

conditions these monomolecular films or monolayers are effective evaporation




retardents (4); however, they ere not as successful in retarding evaporation
from large bodies of Water'(ﬂ,j)o Wind, temperature, humidity, and various
other natural phenomena reduce their effecﬁiveness (2!)° Means by ihich
alcohol may disappear from the monolayer include decomposition by ultra-
violet radiation from the sun (6), bacterial attrition (7,8), eveporation(9), |
‘and solubilization (9). In the present work I am concerned with the last of
these, specifioally the solubility of hexadecanol. This alooholfwas chesen
as it is represenfative of the eerie$ of alcohols from Cqg to Cpgp ﬁhich
presently seem to be the most usefui in'retarding water evaporation.
Hexadecanol-solubility estimates to date have-beenidependeht on extra-
polation of data-obtained for €y to Cjg n-primary alcohols. In 1926, Hill
and Waiisoff (10) reported the solubility of butyl alcohol in water; These
authors were -able .to measureefhe soiubility of butanol over a wide tempefem
tureirange using standafolvoiumetfic techniques. In 1933, Butlerg ThomsonD
and Maclennan (1 ) determlned the Water SOlubllltleS of 05 to Cg nwprlmany '
alcohols by comparing the refractlve 1ndloes of saturated solutlons with
those obtained for.solutions 6% known d0ncentratione The. Water solubllities
of 05 to Oy alcohols have also been determined (12,13, 14) by surface ten51on
measurementsc In a typlcal determlnatlon, a plot of log ooncentratlon versus
surfacde tension wgs made for unsaturated solutlons of known concentratlon.
The surface tensien of the saturated solutlon was then measured the llnear
plot was exirapolated to this point, and the solubility of the solutlon was
graphleally,determlneda Measurements of this type were made by,Addlson (12)
for Cs to_Cg-alcohols«and.by.Addison.and<Hutchineon*(13) for decyl.alcohol.

These authors measured the surface tension using the "roughened plate®
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: mefhod. Kinoshita, Ishikawa, and Shinoda (14) determined the solubilities
of G4Ito 010 alcohels using the "drop weight! method to measure surface
tensions. . |

Solubility measurements for alcohols with chain lengths greater than
ten carbons have not been reported in the 1iterature.‘ However, several
anthors (13,14,15) have givén equations from which one can estimate solu-
bilities of léng chain alcoho;s. All equations are based upon the linearity
of log solubility versus carbon number plots. Table I contains a list of
references, equations, and calculated solubilities of hexadecanol in water.
The equation reported by Kinoshita, Ishikawa, and Shinoda (14) was not
consistent with the solubility values they: obtained for gy - C10 alcohols.
T applied the method of least squares to their data and obtained the
equation log C = -.602 m + 2.40., The solubility of hexadecanol obtained
from this equaﬁion is,listed-in Table I. ,

Je Heo Brooks and A. E. Alexander (9) have also esfimated the solu-
bility of hexadecanel. They uséd the piots of log concentration versus
sufface tension reported-by Posner, Anderson, and Alexander (16) for Cy to
CBMaicohols and by Addison aﬁd Hutchinson (13) for decyl alcohol. From
these plots they observed that for a given lowering of gurface tension (film
pressure of‘35\dynes/cm,) a plot of bulk conceﬂtration in the aqueous
solution against chain length was linear. Through extrapolation the solu-
bility of hexadecanol was obtained. Their result has been included in
Table I. The present investigation is an attempt to measure the solubility
of hexadecanol directly. There is no guérantee that the equétions of

Table T can be used outside the range for which they satisfactorily




TABLE T

Calculated Solubilities of Hexadecanol

Reference Equdtion - Solubility

(mol,/1.)

Addison & Hutchinson (13) 1 .= 5.65,~-1.78 log S (a) 6.2 x 1070
Erichsen (15) log X = 3.4991 + (-0.043100) M (b) 6.1 x 10~°
log X = 3.5621 + (00045054) 1M 2.4 x 1078

Kinoshita, Ishikawa & . :
Shinoda. (14) log C= -1.39 m + 5.53 (c) | 2.1 x 10717
Least :Squares Method log C = -.602 m + 2.40 (d) 5.9 x 1070
Brooks & Alexander 9 None (e) | 1.0 x‘1077

(a)
(b)
(c)
(d)
(e)

1 = chain length, S = solubility (wt. %)

M = molecular wt., X = solubility (mole %)

See ‘Least Squares Value

C = solubility (mol./l.), m = chain length, Data from Ref. 14
Film pressure 35 dynes/cm.

40

25

25

40




correlate actual solubility data.

Synthetic and analytic pfocedures for obtaining solubility values
have been developed (17). The synthetic method in&olves changing the
temperature and pressufe of the system until a1l the solute prgsent dis~
solves. The analytic method, in genéral, consists of obtaining equilibrium
saturation ana then analyzing the solution by e;tﬁér chemical or physical
means. The analytic method does not require coemplete solubilization of the
solute; equilibration may be obtained by intimately mixing the solute and
solvent(18), percolation of the solvent through the solute (19), or by
convection of the solvent through the solute (20). When the solute and
solvent are intimately mixed, separatiqp is best effected_py filtering the
excess solute from the saturated solution. |

A suitable analytic technique must be available for accurately measur-
ing the amount of ‘soluble solute per upiﬁ volume of solution. Since the
estimates of the solubility of hexadecanol are quite,small'(Table I), the
common procedufes)of Reilly and Raye (18), Fox (19), and Gibson (20), which
are relatively insensitivé,‘ére unsatisfactony. Jordan (21), Caddock and
Davies (22), and Jores and Monk (23) have proposed radioisotope procedures
for determining -the solubility.of a slightly ﬁoluble material. -Since hexa-
_olk

decanol-1 is readily available, it was decided to attempt the measure-

ment of the solubility of hexddecanol by tracer methods.
EXPERIMENTAL

The experimental section can best be separated into. two_parts:

“1) Purification of Hexadecanol-1~014 and 2) Solubility Measurements.




Appendix I contaips a listing of chemicals and materials used in the work.

The listing includes manufacturer and, when available, purity specifications.

Purification of Hexadecanol-i-cl¥

Hexadecanol-.‘l;c14 samples were pu;chased frem Tracerlab Inc., Volk
Rédiochemicai Company, and Nichem Inc. Preiiminany experimental work
(described later) indicated that the samples of hexadecanolq1uc14 were
contaminated with water soluble carbon-i4 labeled impufitiés; Before
accurate solubility measurements'eould be attempted, thgse‘impurities had
to be removed. Purificatiop techniques were limited to:éoiumﬁ and. thin
layer chromatography. Gas chrpmatography was used only to check on the
efficiency of thin layer separations. The solvents used in chromatographic
techniques were redistilled and-sﬁqred in glass coentainers. - -

Column chromatography was carried out using solid supports of Unisil
(silicic acid), Woelm Neutral Alumina, and 20% Silver NitrétémUnisil°
Ungefug_ (24) has reported thg basiec packing, loading, and élﬁting techniques
used with these columns. The columns were of glass ecomstruction with an
inside diameter of 1.2 cm. Columns containing k.5 g. Uriisil and 5.0 g
20% AgNO3=Uniéil were ca. 8.5 cme. high. The 20% AgNO4-Unisil columns were
prepared by dissolving silver nitrate (20% by weight) in distilled water
and then mixing the solution with the Unisil. The water was removed by,
:vacuum rotato%y evaporatiéng and the support was reactivated at 110°C.
Woelm Neutrai-Alumina columns were degcfivated with 1Q5% distilled wafcer°

The alumina and water were placed in a one liter round bottom flask and

rotated to obtain even adsorption of the water by the alumina. These 7.5 g.




colunns were ca. 6.8 cm. high.

Thin layer chrematographic techniques and the preparation of plates
have” been reported by Mangold (25) and by Ungefug- (24). These techniques
were employed with four adsorbents: Silica Gel G, Silica Gel H, -Adsorbosil
I, and Adsorbosil II. Silica Gel G.and Adsorbosil I contained 13 and 10
percent CaSQy binder, respectively,—“ ‘

When preparat1Ve thln layer chromatography was requlred, the techni-
queés reported by Ungefug (24) were medlfled in the follow1ng way. Thin
lqyer_plates (250 microns thick) were prepared in the usual manner. One ml.

spots of hexadecanol~1ac14

in benzene were placed on the plate side by. side,
1 cm. from the bottom, so that they overlepped to form g band. The plates
were placed in a solvent tank until the eluent reached the 15 cm. marks
Plates were then removed,from the tank, air dried, and about one~half
eentimeter of the right_and left hand edges were sprayed with Rhodamine:

6 Go The alcohol band was located by exeminetion of the eprayed.portion
under long wave ﬁltfevidlet light. The alcohol flubrescea-a_yellowiSh
ecolor and was visible at both sides of the plate. The leading and tailing’
edges of the band were marked with a sharp dissecting needie. 4 plastic
.template was then placed over the plate and lines were drawn tﬁrough.the
aasorbent connecting the marks,‘ In this wey the locatien of the entire
band was determlned, and the sprayed_portlon of the adsorbent was scraped
from the plate and discarded. ‘The unsprayed portion of the alcohol bend
was scraped from the plate and -extracted with ether. The adsorbent wes
seﬁaratedﬂfrqm.the alcohol. by filtratienﬂthrgughﬂammediﬁm pere. sintered. .

glass filter. The filter had previously been cleaned with chremic acid and




then washed with distilledeater; acetone, and ether. The alcohol was
'concentretea by vecqum-rotatory evaporation and the,remainiﬁg solvent
(ca.’2 cc) was removed by a niﬁrogen stream. The alcohol purify was then
determined Qy.normal thin,leyer tests and,gae chromaﬁggrephy. Band spote

ting hexadecanql-1—01h

enableejone to puriﬁy agproximately 10 mg./ﬁlate,
‘Gas chromatograms were obtained ﬁsing an F&M Biomedical Gae Cﬁrorato-
graph, Model No° 400. The output frem the chroﬁetegraph was fed~to a Honey=- -
well one millivolt strlp chart recorder equlpped with a Dlsc 1ntegrator¢
Flame 1®nlzat10n detectlon was used with a 3.8% SE-30 on 80/100 mesh

diataport S column° Instrument settlngs were s temperature, 160°C.; carrier

(hellum) flow rate, 65 ml./min.; and chart speed, 1/2 in. /min,

Solubilitygﬂgasurements

' Hexadecanol-1-G 1%

sambles were weighed into 1 cc. beakers by means of
a Mettler Micro Balance M5, The weights were accurate to +2 umg. The
samples and beakere were then placed in 125 ml, serew top Erlenmeyer flasks.
The flasks and Eeakers had:previouely beer soaked in Werm ehremie acid,
washed in phosphoric acid to remove adsorbed chremium, and'rinsed extensive-
ly in tap water. They were then washed with dlstllled Water until a nega—
tive acid test was obtalned from blue lltmus and flnally, were dried in an
oven at 110°C. (26). The teflon lined caps Were q;pedlthqroughly with lens
tisswe to remove dust,:soaked extensively in distilled water to remove solu=
ble 1mpur1t1es and drled ‘at 11006. hefere usee.

Upon completlon of the weighings for a. serles of - samples, elther 50 ce.

of water, distilled over'alkallne KMnO4, or 50 cco of dilute AgNO3 (50 parts




silver nitrate per billion parts distilled water) solution were added. to
each flas_k° The flasks were capped, placed in a thermostat at 30°¢. +
0.1°C., and shaken vigorously by a Burrel Wrist-Action Shaker, Model

No. 00. At approxnmately twenty-four hour 1ntervals an allquot of -each
solution was withdrawn by a hypodermic syringe equlpped Wlth a Leur-Lok
tip contalnlng a,5/8 in. 25 gauge needle. These aluqqots (ca. 1 ces) were
then filtered through either type AA or HA, white, 13 mm. diameter, Milli-
pore filters. A Swinny Hypodermic Adaptér (Millipore Filter Gorp., Bedford,
Mass.) allowed direct filtratioﬁ from the gyringe into a 5:dram counting
vial., The volume of filtrate was determined by weighing the counting vial
before and after addition of the solution.

Fifteen cc. of a naphthalene-dioxane counting solution (27) was then
added to each vial. The courting solution consisﬁed of 60 g. naphthalene,
4 g, PPO (2,5-diphenyloxazole), 0.2 g, POPOP (1,4-big-2-(5~phenyloxazolyl)=
benzene), 20 ml, ethylene glycol, 100 nl. methanol (absolute), and redis-
tilled 1,4 dioxane te one liter. Samples were counted.in 3 Packard Trie
Carb Ligquid Scintillatipn Spectrometer, Series 3144, Counting_conditionsv
were: freegzer temperature, 0°C.; high voltage, 900-9r‘1,000 volts; dis-
criminator settings, 10 v. = 50 v. = 100 v.; and analyéis.mode No. 3 with

the C discriminator on.
RESULTS AND DISCUSSIQN

Preliminary solubility experiments were conducted as previously

LS

described with samples of hexadecanolmﬂm_ as received from Tracerlab and

Nichem. The alcohol concentration is proportional te the count rate per cc.
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of a filtered aliquot. In these experiments the count rate increased when
the amount of labeled alcohol: used to méké up a mixiﬁre was increased.
~ This is illustrated in Figure 1, ﬁhere the weight of'hexadecan91-1-c14
used ié plotted against the dpm;/r;al° for 1 ;c.‘aliquots-at a counting
efficiency of 40.5%0' Aftér the mixtures had been prepared and placed in
the shaker, aliquots were'ﬁithdrawn-daily, filtéred, and counted. - The
count rates for a given mixture.ihcreasgq with,fiﬁé at the start and then
leveled off. The points shown in Figufé 1 represent the maximum values
obtained. |

The plot strongly indicates the_presence of_tggged‘i@puritiesxin the
commereial hexadecanol-1-Gl% samples.” If the alcohol had been free of
water soluble tagged impurities?wthe line AOb would have éoincidgd with the
line AXE. The coﬁnt rate WQulé then have réﬁaipeﬁ c§nstan$ upon the
addition of mgre-élcohol¢ ‘The figure shows that this situation did not
exist. The fact that the activity is directiy propqrtional to the amount of
alcohql introduced into -the systém gndfdoes)not lével off.indicates thét
water soluble impuritieé accougt for;a-lafgg_percentag§|of aliquot aetivity.
If the points in Figure 1 were-acCurate;f.knowh, thgiplot could be u;ed to
estimate ihe soiupility of-hexadééanol in thg presence of impurities. An
extrapolation of tﬁé OC-iin@ to zero congeqtratidn provides one with a-
method of obtaiping the ratid'of the activity from hexadecan§1-1~014
(interval GO, Fig. 1) to the activity from water soluble:impprities
(interval GF, Fig. 1), Oneé this:ratio is determined, the solubility of
hexadecanol ean.be. calculated.. My.data. uere;na:tﬁ_aonsisientmenough, ~however,.

to permit an accurate location of the true agtivity curve, and an estimate




AOB - Plot obtained if all radioactivity in the
alcohol water mixture was soluble.
5
OC - Plot obtained from experimental activities.
AXE - Plot obtained if hexadecanol—l-C14 had
contained no labeled impurities.
VAL N

g 34

e S

f? - Plot obtained for the portion of

S the experimental activity due to -

R labeled impurities in

¥ 0 hexadecanol-1-Cl4,

E GF - Activity due to labeled impurities
when solution is saturated with
hexadecanol-1-C*+™,

1 GO - Activity due to labeled alcohol
T when solution is saturated with
0 hexadecanol-l-Cla.
7
e (/ E
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A : 500 000 500" 2000

SAMPLE WEIGHT (Mg.)

Figure 1. 1Initial Solubility Results
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of the solubility was therefore not_possiblef

Dr. Shih Lu Chang.(7) has pointed out that hexadecanol promotes the
growth of_bacteria, and that comnon bacteria, e.g, pseudomonas, are con-
tinually present in air and water. He has recommended the use of a»50 PP,
AgNO3 solution as an effective deterrent:to bacterial_grontn (28). Experi-
ments were conducted to compare hexadecanpl—1-014—distilled water?mixtures
with'hexadecanol-1—C1L"--5O,ppb._A_gNO3 mixtures. Filtered aliduots of mix-
tures of hexadecanol and Water.containing“AgNOB had count rates ca. 5 x 104
times higher than those from mixtures having the same amount o% hexadecanol
but no AgN03 - No attempt was made to establish Whether ot not bacteria were
respons1ble for thls phenomenon, but it Was declded to use the 50 ppb. AgNO3

solution in the remalnlng experiments.

. Hexadecanol~1- 014 purltles

Thin layer ohromatography;was'utilized to investigate the natnre of
the impurities present in comnercial samples of-hexadecanol—1—c14, Siliea
Gel G plates spotted'with the.alcohol were developed with either benzene-
ethyl acetate (9°1) or hexane-ether-acetic acid (90116'1) Rhodamdne 6G
(mixed with the adsorbent before the plates were spread) served as: the
indicator. All plates were placed in a tank contalnlng jodine vapor to
facilitate the 1dent1flcat10n of any unsaturates present as 1mpur1t1es.
When a plate is viewed underflong-wave ultraviolet light, hexadecanol
fluoresces yellow dnd impurities. fluoresce elther_yellow (saturated) or

blue (unsaturated) agalnst«argyeen backgpeunda=

In determining the percentage activity of impurities versus alcohol,
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‘the spots were individually scraped from the plate into separate 5 dram
counting vials and 15 cc. of counting_solution was added to each vial.

The insoluble adsorbent seﬁtled to the bottom of the vial and -the alcohol
or impurity was dispersed throughout the counting solutiono- The solutions
were then counted in the liéuid seintillation counter.

Figures 2A-and 2B ére ﬁhin layer chromatograms of~TracerlaE,'Volk,
and Nichem hexadeeanolqi~cﬂao The first plate (Fig. 2A) was developed'with
benzene-ethyl acetate (9:1) and the second (Fig. 2B) with hexane-ether=
acetic acid (90:10:1). ~Both chromatograms show that impurities were
present in sach commercial sample. Approximate"pércentage_ﬂmpurities were
determined from ratios of impurity activities and total activities. The
results ares fracerlab, 65%:; Volk, 16%; and Nichen, 25%. It is obvious
the use of commercial hexadeeanoln1uc14 Without_purifiqatioh would result

in nieaningless solubilities.

_Bolumn Chromategraphy

Because of the expense and limited amounts of‘hexadecaﬁol-1 ¢!* on
hand, it was decided to Work out_purlflcatlon technlques u31ng untagged
alcohol (Lachat Chemlcal Company, 95% pure) containing 1mpur1t1es similar
to those present in the tagged samples (compare Figs. 2A & -34).- The un-

" tagged samples of hexadecanol (50-mg° in {1 ml. of hgﬁane).were plgced on
celumns and eluted with Qaﬁieus solvent combinations.-iUnisil columns were
. eluted successively Withléé mif 18% benzene :'LJ:I.‘heicane;_9 85 ml, 66% benzene
in hexane, and 60 ml. bengene. Thin layériéhromatégraphy, benzene-ethyl

acetate (9:1), of the concentrated fractions (Fig. 3B) showed that fraction
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No. 1 contained saturated and ﬁnsatu;ated impurities (possibly esters or
aldehydes), that No. 2 contained'hexadecanol and ohe unsapurated impurity,
and thatho° 3 contained a smail-amount of hexadecanol, usually less than
5% ef.fraction No. 2,»an§ unsaturdted impurities. TwentyipercentNAgNQBQ_
Unisil columns eluted by the same:combinatiop of eolvente resuited in
similar thin layer chrometqgreﬁs; Woelnm Neutrel Alumine-celumns-were
eluted with 100 ml. benzene eﬁd 100 ml.ether. Thin layer chromatograms,
benzene~ethyl acetate (9%1), showed (Fig, 3¢) that -fraction No. 1 contained
saturated impurities and thab Noi 2 eontaihed hexadecanol and unsaturated
im;urities.x
| By comparing Figure 3A with 3B and 3C, one sees the columns tested
did remove impurities’ from the hexadecanol fractien; however, one also notes
that unsaturated-impurities Were intreduced into &histfraction by the puri-
fication process. These b@pﬁrities appear to be artifacts washed from the
columns. Attempts to remove these artifacts by prewashing columns with
benzene, ether, methanol, and combinetions of these solvents failed to
improve the alcopol purifieation; At this point column chromatqgrephy‘wes
abandoned in favof of preparative thin layer chromatography. I am reason-
ably certain continued effort would: have resulted in e."workingﬂ-éolumn;
however, at the time, preparatlve thin layer chromatography, Whlch was

being investigated 51mnltaneously, seemed to be offerlng more promlse of

sucecess.

Preparatlve Thin Chromatographg
Before. hexadecanolaimc14»was subgected.to-prepapatlme thin.layer .
chromatography, Silica Gel G, Silica Gel H, Adsorbesil I, and Adsorbosil IT
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were tested using unlabeled‘alcoholq Thg tests were aimed at determining
which adsorbent would yield purified alcohdl containing a'minimum of
adsorbent artifacts.

Preparative thin layer chromatography was carried out on plates spread
with each adsorbéntf. The al@ohol?band was removed and extracted. The con-
centrated alcohol was subjecﬁed-fovsténdard-thin'layer chromatogfapny’on
the same adsorbent'that had previousl& been used for therpreparativevpurifie
cation. Chromatograms for Siiipa Gel G, Silica Gel H, and Adsorbosil I were
similar and are illustrated by Figure 4A. Additionai prefextraction of
Silica Gel G with benzene-ethyl acetate (9&1),.chloroform, and ether failed
to reduce the number of artifacts presents A 100 hour Seoxhlet extraction of
Silica Gel H w1th ethanol (absolute), also failed %o 1mprove test results
for this adsorbernt. Attempts=at precleaning plates by eluting, chloroforme
methanol (2:1), in the same direction the adsorbent was spread, reactlvatln%
the plates at 1109C. for 45 minutes, and then runnlng preparatlve chroma-
tography agalnst the direction of spreading also failed to improve the
results previously obtained (Figs. bA & B).

Adsorbosil II gave better re;ults-_(Fige 4B) than the other adsorbents.
Several runs failed to produce any artifacts other ﬁhan those present in |
Figure 4B. Extraction of Adsorbesil II with ether (5 gehAdsorbosil'II;

250 ml. cher) yielded no measurable e#tractables at the 0.1 mg. level.
This igs Significant as ether was usgd infthe_prqéarative technique - for-
extracting theadlcohol from fhe adsorbent. -Theée considerations led te the
adoption of Adsorbosil II for the_purlflcatlon of hexadecanolm1 014 by

preparative thln layer chr@matographyb
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Tracerlab hexadecanol~1 01#_pur1f1ed by thln layer preparatlve methods,
concentrated, and spotted (50 mg./al.) by standard thin leyer technigues
resulted in chrcmategraMS like that of Figure,j; Two factors-conce;ning“
these chromatograms warrant fﬁrther discdssion:' 1)lthe number of unsatur-
ated spots appearing here'(Fié,_B) versus the npmber_ﬁresent in Figure 4B,
and 2) the purity of the labeled alcohol as deterﬁined by removal and cognt=.
ing of spots éppearing_en said plates. o

Comparison of Elgufes 4B‘end_5 shows that the number of'unsaturated
impurities has increased bcth in number and in siée of siaots° lhis'couldﬁbe
due either to impurities in the edSOrbent‘varying_frdm cne”plate~to the‘next
or fram different 1mpur1t1es belng_present in hexadecanol 1 014 than those
present in the untegged test alcohol (Lachat hexadecanol 95%'pure), No
attempt was made to determlne the source of the impurities -indicated by.
Flgure 5 since countlng showed them to contain less than 0. 1% of the

activity, of the hexadeeanol 1ot

spot. It was elso noted thatyegyvarea of
the plate, 1 em. in dlameter, preceding4the hexadecanole1ec1u'spot,contained
some act1V1ty, 1n"generalo ho more than the amount.present in the. unsaturated
spots. From this, I concluded ‘that whlle ‘there is stlll some- question as to
the chemlcal purlty of thln layer_purlfled hexadecancl» -==.CJ“P the alcohol

has a radiopurity better than 99, 5% (activity. of hexadecamel spot X
100%/total activity of plate) whlch is excellent compared to_jﬁ% radlopurlty

as re031Ved from the manufacturer°

",GaS"Chremategrith

While suggesting that the heiadecanola14614 had"been_pﬁrified considers
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ably, thin layer chromategraphy by itself cannot show this as it is a
limited technique. Since all long chain _pr:u.mary alcohols mlgrate similarly,
it was cons:.dered necessary to examine the pur:.f:.ed alcohol by gas chroma=
tpgraphy to determine if other alcohols were present. The results are
shown in Figure 6, For purposes of comparison a sample' of Traeerlab
hexadecanol-1 CM’, as received from the manufacturer, was sub,jected to gas
chromatography. The results are given- in Flggre s ‘

In a comparison of 'the chromatograms of Figures 6 apd 75 one notices
that purification by preparative thin layer chrqmatography_, reduces the
number of impurities from 12 to 2, Figure 8 consists of a plot of log
retention time versus carbon number for known alcohols Q10’-012’|C¢6° and
018 and unknowns A and Bs The retention times of unknowns A and B corres-
pond to those of tetradecanol and pentadecanol:. The percentages of A and
B, present as 1mpur1t1es in hexadecanol=1=014, were determlned by Disc

integration of the peaks to be 3% and. 13%.

) Attemgted__Solubil_j.tx M.easqremex}ts,, m’ch Parj_fied He’xa@ebarxolm’lmcw

1-c1% was not..100% cherﬁically

“Although th:.,n layer pur:.f:r..ed hexadecanolm
pure, solub:l.ln.ty tests Were ne\rertheless cond.ucted since the- radlqpuri'by
approached 100% The alcohol was divided into six samples W:Lth weights of
40, 111, 227, 226, 460, and 554 Age PFifty ceo o_i‘ 50 ppb. AgNOB solution
was added.to -each sample, and shaking W’as begun. Aliquots T);rere taken each
day for ten days; beginning:at the end of the first 2k -hour" interval.

A plot of cpm. /ml. jversus sample weight (Fig. 9) indicated that the

alcohol had not been sufficiently purified. The plot shows that again the
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| count rate is dependent on the initial sample size. The line on the plot
(Fig, 9) depicts the epn./mla that Would'have been obtained if the entire
sample of heiadecanol~1ec14 had comnletQLY.dissdlved in.ey50‘PPbo AgNOB
solution, One elso,notee‘thet:ccmperlson of this test with the prelininary_
ones (Fig, 1) reveals a considerably lower countprate'per ml. (50,000 vs.
155000 for ca. 500 ags of.alcohol) for the latter test, indicating that
the alcohol had undergone substantial purification. However, the. failure of
the plot to level‘dff:indicates-that soluble impurities were still present
in sufficient amounts to prevent the accurate determination of hexadecanol
solubility. Since undlssolved alcohol was detected after_prolonged shaking
of the mixture containing the 40 MAEe sample, it is apparent the solublllty
of hexadecanol is less than 40 Jng/50 ce, of 50 ppbe %gNOB solution or

80 mg./100 cc. of solution.

At this point the supply of hexadecanol—’l'mc14 Was.exhansted, and
solubility measurements were discontinued for the moment. Poseible avenues
for future inveStigation are: o

1o Purlflcatlen of hexadecanol-1: 014 by preparative gas chroma-

‘“tograpgx
20 Purlflcatlon of hexadecanol- »014 bz,eolumn or preparative thin

V‘

__gzg;;chromatograghx. These technigues have certalnly not been
exhaustively. investigated. Further variations in column length
and diameter, column and thin layer adsorbents, solvent eystems,
and thin layer thlckness are possible.

3e Extractlon of hexadecanol~1”01&_w1th distilled water or a 50 EE

AgNOB solution. For maximum removal of water soluble impurities
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the -alcohel should be present in the liquid state. Removal of an
impurity buried in the interior of a solid particle by the solvent

is a slow process.

,Cambinations“QQFsuggéstions_jJ 2, and 3.

Gas chromatographic -determination of the sdlubilitx of hexadecanol.

Recent advances in gas chromatographic detection systems have
increased. the sensitivity of the instrument. It is_poséible this
type of instrument équld determine the amount of hexadecanol present

in aqueous solutions.

,Determihation of the rate of Eassége of alcohol from the mondw
dayer to to the bulk llguld phaseo

nvestlgatlon of the solubllltx degendenc themﬂempe:aturevgi
theralcoholwwater s;y;s’c.em° '

nvestlgatlon of the hexadecanoluwater egulllbrlum in the dark
with priq; removal of dissolved oxygen from the élste 0
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SUMMARY

Solubility,stﬁﬂies of hexade@aﬁol=1m014 were carried out with mixtures
of alcohol and water shaken for periods of up-té two weeks. -Inifia; experi~
ments indicated that carbon-1k4 labeled impufities were interfering with the
solubility determination., A preparative thih layer chromatographic scheme
was devéleped for removing eorganic impurities, e.g. esters, écidég aldehydes,
fron hexadecanolm‘émcwa beadecanolfﬂwc14 "purified” by.this %gchnique had
a radiopurity_of 99q5%9 | | |

Solubility experiments using: "purified! hexadeeaholm1mc14_gave.ineonm
ciusive results as the purification'failéd-to remove a small amount of water
soluble carbenm14 labeled impurities. it was determined the éoiubility of
hexadecanol ﬁgs less than 80 mg./100 ceo Qf 50 ppb. AgN@B_solution;'however,
attempts to obtain a better éstimaté were not suecessful, SeVéral approaches
have been suggested for removing trace amounts of highly water soluﬁle

radioactive impurities from the alcohol.,.
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APPENDIX ‘T
Meterials

Acetic acid (glacial), Baker .and Adamson (B&A), Allled Chemieal,
Morristown, NoJ., ACS reagent grade

‘Acetone, Malllnckredt Chemical Wbrks, New York, analytical reagent

grade

Adsorbosil'I & IT, Applied Science Laboratoriesg Inc., Po 0. Box 140,
State College,. Pa.

1

Benzene, Jo Ts Baker Chemical Company, Phillipsburg, N.J., Baker
analyzed reagent

Chloreform, B&A, ACS reagent grade
1,4 dioxane, Eastman Orgamlc Chemlcals. Rochester 3, No.Y., hmstologlcal
grade

Ethanol (absolute), U Se Industr;al Company , Tuscola, Illo, U.S.P.
grade

Ethyl acetate, J. T. Baker, Baker analyzed reagent
Ethylene glycol, Eastman Organic
Ethyl ether (anhydroué), B&A, AGS reagent grade

Hexane, Phllllps Petroleum Company, Phillips; Texas, high purity grade,
85 vol. % min.

Methanol (absolute), B&A, ACS reagent’ grade

Naphthdlene, Matheson, Coleman, & Bell, quwood, Ohio, recrystalized
from alecohol, Mp 79m80°Co '

POPOP & PPO Packard Instrument Company, Box 428, LaGrange, Ill.,
scintillation grade -

Rhodamine 6G, Allied Chemigal, Natlonal Aniline DlVlSlon, Lo Recter
Street, New York 6, N.Y.

Silica Gel G & H, agc. to Stahl, Brinkman Instruments Inc., Great Neek,
Long Island, N.Y.
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17. Silver nitrate, B&A, AGS feagent grade

18. Unisil, Clarkson Chemical Company, Inc., Williamsport, Pae, 200=325 mesh,
acid washed :

19. Woelm Neubral Alumlna, Aluphorum CGhemicals, P.0. Box 755, New Orleans,
La., activity grade I
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