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Abstract 
By use of a speeially adapted fluorometer at- 

tached to a strip chart  recorder, a spectrum or 
cloud-o-gram can be obtained from various types 
of ethylene oxide condensates (nonionie surfac- 
tants).  A ehmd-point reproducible to _+0,2C can 
be determined fronl the chmd-o-gram. The cloud- 
o-gram is unique for each classification, and dif- 
ferences can be detected within classifications. 

Introduction 

C LOUDt'OINT, AS DEFINED by the AOCS Official 
Method Cc6-25, is that temperature at whieh a 

cloud is induced in a sample caused by the first stage 
of crystallization. 

Several methods are described in the literature to 
determine this phenonlenon (1,2). All of these methods 
are based on the visual detection of the first appear- 
ance or disappearance of cloud or turbidity. How- 
ever, it was felt that such methods were too prone to 
human error. Therefore, a method was sought which 
would instrumentally record this phenomenon. 

We found that by combining a specially adapted 
Turner  G-111 Fluorometer and a strip chart  recorder 
we could record the actual growth of the cloud. We 
called the recording or spectrum obtained a cloud- 
o-gram. 

Experimental  
Instrument 

A standard Turner  G- ] l l  t~luorometer equipped 
with a Flow-thru ('ell door was attached to the 2.5 my 
strip chart recorder of the Sargent Model XV Polar- 
ograph with a linear variable resistor in parallel with 
the output jacks of the fluorometer. 

The resistor was set to match the output  of the 
fluorometcr to the recorder. (A 10 mv recorder would 
not require a resistor across the output  jacks of the 
instrument.) A thermometer probe (YSI  tele-ther- 
mometer model 43TC) was placed in the upper exit 
port, and a specially designed cell (Fig. 1) encased 
m a heating tape was attached to the intake and exit 
ports of the door by means of Swage-Lok fittings. 
The solutions were pumped through the system at a 
,'ate of 30 ml per minute by a peristaltic pump. Heat- 
ing was controlled by a Variac and internal mixing 
in the cell obtained by a magnetic stirrer. 

FIG.  1. C l o u d  point cel l .  
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FIa. 2. Cloud-o-grams of surfactants containing varying moles 
EtO. Crosses, 8 moles; open circles, 10 moles; solid line, 15 
moles; arrows, 30 moles. 

The pr imary light source was filtered by a Corning 
23A filter to allow only 570 /, or longer wave lengths 
to pass into the sample. This was done to prevent 
any possible source of error due to fluorescence of 
tile aromatic portion of the nonionie compounds under 
study. The sensing portion of the fluorometer's opti- 
cal system was attenuated by neutral  density filters 
to keep the signal within the bounds of the recorder. 

S~mple Preparation 
Most samples were prepared as 1% (w/v) in dis- 

tilled water. However, it was found that  some non- 
ionics were either completely soluble or insoluble at 
all measurable temperatures. Those sanlples which 
were soluble at all measurable temperatures were pre- 
pared as 1% (w/v) in 10% sodium chloride while 
those that were insoluble were prepared as 1% (w/v)  
in 20-25% (v/v)  isopropanol. 

Development of Clot~d-o-gr~ms and Cloud Point 
The sample was placed in the cell and pumped 

through the system prior to heating to insure free- 
dora from bubbles or foam which would cause errone- 
ous readings on the recording chart. When the solu- 
tion was free from bubbles or foam, heat was applied 
at a constant rate. A change in reflected light or- 

T A B L E  1 

Effect of Moles EtO on Cloud P o i n t  

Theoret ical  Sample Cloud poin~ C. Moles EtO Moles EtO 
moles EtO a In t e r s ep t  1st Max. by NMI4 by NIt{ 

10 1 60.0 60.5 11.3 
2 57.8 59.3 10,6 
3 57.2 58.7 10,1 

8 1 22.8 26.0 9.2 
2 21.3 22.5 8.5 
3 19.8 22.2 8.1 

15 1 63.9 68.8 15.8 
2 63.8 68.2 15.6 
3 63,7 68.0 15.2 

30 1 85,0 88.0 34,9 
2 80,1 84.5 27.9 
3 77,5 81.0 26.8 

11.0 
10.7 
10.1 

9.0 
8.8 
8.2 

a T h e  8 and 10 mole samples were r u n  as 1 %  aqueous solutions.  
The 15 and 30 mole samples were r u n  as 1 %  in  1 0 %  NaC1 solutions.  
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F I G .  3 .  Cloud+o+gramo of surfaetants contabfing 10 mo]es EtO. 

eurred as t u rb id i t y  or cloud developed and was auto- 
mat ica l ly  recorded on the s t r ip  char t  recorder.  The 
tempera ture  was manual ly  recorded at  1C intervals  
at  the appropr i a t e  points as the spectrum developed. 
The percentages of reflected l ight  were then plot ted  
against  their  respective tempera tures  on ar i thmet ic  
g raph  paper ,  and a unique curve developed. This 
we called a cloud-o-gram. Different average moles of 
ethylene oxide condensate gave different cloud-o- 
grams and these cloud-o-grams were unique for  each 
classification (Fig .  2). I t  was also noted tha t  there 
were some var ia t ions  in cloud-o-grams within samples 
of the same average moles of ethylene oxide (F ig  3). 

The cloud-point  t empera ture  was determined front 
the cloud-o-gram as the intersect  of two lines, one 
drawn along the base line A and one drawn along 
the r is ing reflected l ight  line B (Fig.  4). This point  
coincided with what was general ly  agreed upon as the 
first visible detection of cloud or tu rb id i ty .  Repeated 
runs of dupl ica te  samples of the same mater ia l  d id  
not va ry  any more than ±0.2C.  The point  of the first 
nmximum ("C," Fig.  4) also did not va ry  any more 
than  that.  

Table I i l lus t ra tes  cloud points obtained by this 
method on prede termined  average moles of ethylene 
oxide. The averages were determined by nuclear  mag- 
netic resonance (NMR) and N I R  where applicable.  
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FIe,. 5. Polsson distribution of various combinations of moles 
EtO. Solid line, 8-30 moles 5-1 ratio, 11.7 moles EtO aver. 
Open circles, 8-15 moles 1-1 ratio, 11.5 moles EtO aver. Crosses, 
mixture of solid lines and open circle 1-1 ratio, 11.5 aver. 

Discuss ion 

The profile of the cloud-o-gram may be explained 
as the dehydration of the ethylene oxide chain *o 
form insoluble particles fol lowed by the coalescence 
of the particles. As the number of these reflecting 
particles increase, it follows that the amount  of re- 
fleeting light also increases, causing a positive slope. 
Next these par t ic les  once more coalesce with each 
other to form reflection aggregates of large size, but 
of much smaller  number,  tbus causing a negative 
slope. The re tu rn  to the positive slope may  be ex- 
p la ined by one or both of the following: 

1) As the tempera ture  increases the molecules con- 
ta in ing  the higher moles of ethylene oxide dehydrate 
to form aggregates of nearly equal size as those al- 
ready in solution. The resulting increase in the num- 
ber of these particles once more causes an increase 
in reflected light. 

2) The acceleration of the particles by the increas- 
ing temperature may cause fragmentation, thus in- 
creasing their  nmnber.  When  either an equi l ibr ium 
is set up between the particles forming and those 
breaking apart, or when all of the molecules have 
been dehydrated and the end of the process is there- 
fore reached, the cloud-o-gram should level off. Al- 
though not repor ted  here, such a leveling process was 
obtained in this laboratory. 
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FIG. 4. Method for determining cloud point. 10 moles EtO. 
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FI~. 6. Cloud-o-grams of synthetic mixtures of surfaetants. 



1056 T H E  JOURNAL OF THE AS~ER~CAN OIL CHE~fISTS '  SOCIETY VOL. 42 

We thought  that  the differences noted in the cloud- 
o-grams and cloud points of the materials containing 
the same average moles of ethylene oxide might lie 
in the distribution of moles around the average. 
Therefore, samples were made by combining samples 
of different average moles to contain an average of 
11.5 ~0 .2  moles of ethylene oxide and were processed 
through this procedure. Figure  5 is a graphic repre- 
sentation of the distribution of the moles of ethylene 
oxide of these combinations based on the Poisson Dis- 
tr ibution of each component. Figure 6 illustrates the 
cloud-o-grams and cloud points obtained from these 
combinations. 

As illustrated, we have a preponderance of low 
molecular weight material (8 moles) but  enough of 
the higher weights to average out at the desired level. 

However, the cloud points obtained are not what one 
expects of 11.5 mole material, but  more like that  of 
a 9 or 10 mole material. Although the average moles 
are nearly equal, the cloud-o-grams reflect the differ- 
ences in the distribution around the average. 

Additional confirmation of the effect of the mole 
distribution around the average was obtained by plot- 
t ing the data of Mayhew and H y a t t  (3) on arithmet- 
ical probabili ty paper. 
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Solidification of Unsaturated/Saturated Fatty Acid 
and Its Relationship to Chilling Sensitivity in Plants 

Mixtures 

JAMES M. LYONS and CRAIG M. ASMUNDSON 
Department of Vegetable Crops, University of California, Riverside 

Abstract 
Freezing points of mixtures of palmitie and 

linoleic, or palmitie and linolenic acids, the pre- 
dominant fa t ty  acids in plants~ decrease slowly 
as the unsaturated fa t ty  acid is increased to 60 
mole %. Beyond this per cent the freezing point 
is depressed quite markedly by each addition of 
unsaturated fa t ty  acid. Linoieie and linolenic 
acids have similar effects on the freezing points of 
the mixtures unti l  about 82 mole % unsaturated 
fa t ty  acid. Differences of less than 5% in the 
amount of unsaturated fa t ty  acid have a marked 
effect on the freezing point of mixtures at  the 
approximate composition of fa t ty  acid in plant  
membrane lipids. 

Introduction 
PIDS ~{AY PLAY an important  role in chilling in ju ry  

of plants ( i n jmT which occurs in some plant spe- 
rues at temperatures below about 10C but above freez- 
ing) (4,6,7) ; however, it has not been possible to relate 
lipid composition to the basic cause of chilling in ju ry  
unti l  concepts were reported relating the role of 
lipids in membrane systems at a subcellular level (2). 
Recent work (6) has demonstrated a relationship be- 
tween fa t ty  acid composition of mitochondrial mem- 
branes and sensitivity toward chilling of species from 
which the mitochondria were derived. In general, 
species which were sensitive to chilling temperatures  
possessed mitochondria with a higher amount of 
saturated fa t ty  acids in their mitoehondrial mem- 
branes than chilling-resistant species. In the work of 
Wheaton (12), fa t ty  acid compositions of phospho- 
lipids extracted from root tissues of a number of plant  
species were surveyed and a tendency toward the 
sensitive species having the greater  amount of satura- 
tion existed. Correlation of sensitivity to chilling 
and fa t ty  acid composition was not precise, and it 
appeared that  taxonomic relationships were equally 
important.  A relationship of the amount of unsatura- 

tion of fa t ty  acids in lnitoehondrial membranes to 
cold sensitivity was more clearly demonstrated in 
animal studies where it has been shown that  mito- 
ehondria derived from warm-blooded animals pos- 
sessed more saturated fa t ty  acids than those derived 
from cold-blooded animals (8,9). These studies in- 
dieated that  the mitoehondria from warm-blooded 
animals with the more saturated fa t ty  acids could not 
maintain their  flexibility at lower temperatures,  
implying a disruption of metabolism and energy sup- 
ply, while those from cold-blooded animals with more 
unsaturated fa t ty  acids could maintain their flexibility 
at lower temperatures. 

In evaluating the physical characteristics of fa t ty  
acids in relationship to their  influence on membrane 
properties, it is known that  chain length, number of 
double bonds, and position of the double bonds, all 
play a role in determining the physical properties of 
the lipid. The predominant  f a t t y  acids in nongreen 
plant tissues are palmitic (28%),  linoleic (40%),  and 
linolenic (21%),  with lesser amounts of stearie (3%)  
and oleic (5%) ,  and others in trace amounts (12). 
Assessment of the role of these fa t ty  acids in relation 
to the physical properties of membrane lipid raises 
the quest ionas  to whether the difference between two 
double bonds in linoleie and three double bonds in 
linolenic can significantly alter the freezing point or 
solidification of the membrane lipid. Since the double 
bond index (the summation of weight % of each 
acid in a mixture  multiplied by the number of 
double bonds it contains per molecule, divided by 
100) has been used to classify the degree of unsatura- 
tion in a lipid, it is important  to evaluate this point 
critically, because a small change in the distribution 
of either Iinoleie or linolenie can markedly alter the 
double bond index. A freezing point curve for  mix- 
tures of palmitie (the saturated fa t ty  acid of major  
importance in plant material) and oleie is available in 
the l i terature (10). I t  seemed of importance to pre- 
pare diagrams for  pahnitic and linoleie, o r  palmitie 
and linolenic so that  the role of these mixtures may 
be adequately considered. 


