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(57) ABSTRACT 
Long-chain aliphatic alcohols are provided that induce 
nucleation of ice at temperatures within the range from 
-8 C. to 0° C., from supercooled water present as 
small drops and/or in the vapor state, and are useful for 
seeding Supercooled clouds in order to augment rainfall. 
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5,174,498 1. 

CLOUD SEEDING 

The invention relates to the augmentation of rainfall 
and to means for obtaining such effect. The invention is 5 
based on the dissemination in the atmosphere of finely 
divided water-insoluble long chain alcohols which ele 
vate the ice-nucleating threshold temperature. 

Antifreeze molecules-whether in the bloodstreams 
of fish in polar waters or in the gasoline tanks of au- 10 
tomobiles-prevent ice from forming by interfering 
with crystal formation; a liquid containing an antifreeze 
can freeze only when it has been chilled to a tempera 
ture lower than its normal freezing point. Nucleators 
have the opposite effect: They promote the formation is 
of ice. The induction or inhibition of crystal formation 
is important in both biological systems (how frost bac 
teria destroy crops) and in the nonbiologic (how rain 
clouds might be seeded). 

Pure water can be supercooled to temperatures of 20 
-20 C. to -40°C. Promotion of ice nucleation, neces 
sary for rainfall, has been exploited in the induced pre 
cipitation of rain by silver iodide seeded in clouds. Sil 
ver iodide is used today as an artificial rain nucleating 
system. It increases ice nucleation temperature by about 2s 
5 C., resulting in an increase of about 20% of the pre 
cipitation in a given region. 
There is a continuous search for better materials that 

can be used as cloud seeding agents. Some crystalline 
organic substances (Parungo et al., J. Atmos. Sci, 24; 30 
274 (1967) and certain bacteria (Levin et al., J. Climate 
and Appl. Meteorology. 26: 1188 (1987) were found to 
nucleate ice efficiently as silver iodide. 

It was now found that the spreading of monolayers of 
water insoluble alcohols on small water drops, raises the is 
freezing point of these in a significant manner and re 
duces the supercooling to a larger extent than the hith 
erto used means for nucleating ice formation. 
The present invention relates to the use of aliphatic 

long-chain alcohols of the formula 40 

CH-OH 

where n > 14 and m -- p> 14 and R is an unsaturated 
radical, an heteroatom, carbonyl or carbonyloxy, to 
induce nucleation of ice at temperatures within the 
range from - 8 C. to O. C., from supercooled water 50 
present as small drops and/or in the vapour state. In 
particular, the invention relates to the use of said alco 
hols for cloud seeding for augmenting rainfall. 

In a preferred embodiment, alcohols of the formula 
CnH2n-. OH are used when n is an odd number. Prefer- 55 
ably, n is 27, 29 or 31 when nucleation of ice is induced 
at temperatures from about -2.7 C. to about O C. The 
most preferred alcohol is C3H63OH. 
The invention further relates to a method for aug 

menting rainfall which comprises seeding supercooled 60 
clouds with an alcohol as defined above. 
The alcohols of the invention can have both anti 

freeze and nucleating effects depending on whether 
they mix into the solution or form surface monolayers. 
At the monolayer-solution interface, hexagonal ice 65 
crystals and hexagonal OH groups from the alcohol 
apparently fit nicely together; this promotes ice forma 
tion and oriented crystal growth. The raised freezing 

2 
point was sensitive to the length of the alcohol chain, 
the number (even or odd) of carbon atoms in the chain 
and the percentage of the surface of the liquid droplet 
that was covered by the nucleating alcohol. The tem 
perature elevation of ice nucleation obtained by the 
monolayer systems of the invention is about 10 C. in 
comparison to only 5° C. for silver iodide. The amphi 
philic alcohols are also biodegradable, are cheaper and 
have to be used in minute quantities. 

In the experiments of the invention, the freezing point 
measurements were carried out on two water drops of 
the same size (ranging from 10 to 40 ul) placed on a 
cooling stage in a box purged by cooled nitrogen gas. 
One drop was completely covered with a monolayer of 
the amphiphilic chain alcohol and the other with a 
reference material, such as the corresponding long 
chain fatty acid. In this way the effect of all factors 
responsible for induction of nucleation, other than a 
difference in structural match, are eliminated. 
The samples were cooled at a rate of ~ 1 C./min. 

The temperature of the drops was measured by a ther 
mocouple. The melting point of ice was used for its 
calibration. The freezing points were observed by a 
light microscope. Temperatures of freezing were deter 
mined in comparative experiments carried out simulta 
neously for two different materials. The various amphi 
philes can be divided into three categories: (a) the refer 
ence materials have the lowest ice nucleation tempera 
ture; (b) the aliphatic alcohols show an increasing order 
of nucleation efficiency with the increase in chain 
length, and (c) the alcohols with larger areas per mole 
cule are poor nucleators, 

EXAMPLES 

The water drops (10 ul) were placed on a cooled 
stage under an optical microscope. One of the drops 
was covered by 0.5ul of the alcohol in chloroform. The 
second drop was covered in a similar way by a refer 
ence amphiphilic material. The solvent was allowed to 
evaporate. The system was purged with nitrogen and 
cooled down at a rate of about 1° C./min. The freezing 
point observed for both drops was determined. The 
freezing point of the drop covered with the reference 
material was at a lower temperature. 
The results are shown in Table I. 
The results of the freezing point measurements 

showed that aliphatic chain alcohols nucleate ice at 
higher temperatures, and with greater reproducibility, 
than the analogous carboxylic acids. The freezing point 
of drops of pure water, by way of comparison, ranged 
from -20° C. to -25 C. 

It is striking that the freezing point is so sensitive to 
the length and parity of the chain of the alcohol 
CnH2n-1OH. The freezing point curve for the n-odd 
series increases asymptotically with chain length, ap 
proaching O C. for n=31. The n-even series behaves 
differently; the freezing point curve reaches a plateau of 
about -8 C. for in the range of 22 to 30. This trend 
suggests that just prior to ice nucleation, the orientation 
of the OH groups in the odd and even analogues are not 
the same, the former having a structural fit closer to the 
structure of the lattice of ice. 
According to the invention, a suitable preparation of 

the long-chain aliphatic alcohols, e.g., an emulsion, is 
brought in contact with supercooled clouds in order to 
induce nucleation and increase rainfall. The dynamic 
method of cloud seeding whereby the material is seeded 
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on the upper supercooled part of the cloud in increased 3. A method according to claim 2 wherein n is 27, 29 
concentrations is suitable for this purpose. The material or 3. 
may be dispersed in the clouds in a finely dispersed 4. A method according to claim 2 wherein the alco 
form. It may be applied as a fog released from a high hol is C3H63OH. 
altitude. 5 5. A method for augmenting rainfall which comprises 

TABLE I w 

Example Alcohol/Freezing Point Molarity Reference/Freezing Point 
Cs(HsOH/-7.5 - 0.5 C, 6.6 10 M CoHsqCOOH/- 15.8 it 1.6' C. 

2 CHOH/-0.5 - 0.5 C, 5.5 - 10 “M CoH soCOOH/- 15.8 - 1.6 C. 
3. CH3OH/ -5.3 - 1.4° C. 4.8 10M CoHCOOH/- 17.3 - 1.0 C 
4 CohsgOH/- 1.4 - 1.0° C. 5.0 x 10 “M CHsiCOOH/- 12.8 - 1.5 C. 
5 C7HssOH/-2.2 - 0.5 C, 5.2 ... 10 “M CH3COOH/- 15.3 it .5 C. 
6 Cls his OH/-3.4 - 0° C. 5.0 x 10 “M CHCOOH/- 15.3 - 1.5 C. 
7 C2HisOH/-7.9 at 0.5 C, 5.0 , 10-M CH3COOH/- 14.0 + 1.0 C. 

seeding supercooled clouds with an alcohol of the for 
We claim: mula 
1. A method for induction nucleation of ice at tem 

peratures within the range from -8° C. to 0° C., from CH-OH 
supercooled water present as small drops and/or in the 20 
vapour state, which comprises contacting supercooled Or 
water with an aliphatic long-chain alcohol of the for 
mula: HC-(CH2)-R-(CH)-OH 

CH-OH where n>14 and m+p>14 and R is an unsaturated 
radical, an heteroatom, carbonyl or carbonyloxy. 

Or 6. A method for augmenting rainfall which comprises 
seeding supercooled clouds with an alcohol of the for 

HsC-(CH2)-R-(CH)-OH mula CH2 OH, where n is an odd number greater 
so than 14. 

where no 14 and m --p) 14 and R is an unsaturated 7. A method according to claim 6 wherein n is 27, 29 
radical. an heteroatom, carbonyl or carbonyloxy. or 3. 

2. A method according to claim 1 wherein the alco- 8. A method according to claim 6 wherein the alco 
hol has the formula CH-OH and n is an odd num- hol is C3H63OH. 
ber sk six k k 
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