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Commonwealth of Australia 
The Patents Act 1952

DECLARATION IN SUPPORT

In support of the (Convention) Application made by:

Yeda Research and Development Co. Ltd., P.O. Box 95, Rehovot 76100, Israel
for a patent for an invention entitled:

CLOUD SEEDING

I PWel Azriel Kadim , , „ . _ „ TJ_,r J Ye-d-a- RcB-earch -and Dovel-epmentCo. -Ltd-.
of and care of the applicant company do solemnly and sincerely declare as follows:

or
b) I am (We-arej-authorised by the applicant(s)-for the patent to make this declaration on its behalf. 

Delete the following if not a Convention Application.

The basic application(s) as defined by section Ml (142) of the Act was· (were) made

on January 15, 1990 in Israel

on November 29, 1990 in Israel

on in

by YEDA RESEARCH AND DEVELOPMENT COMPANY LIMITED

The basic application(s) referred to in this paragraph i-s-(are) the first application(s) made in 
a Convention country in respect of the invention the subject of the application.

, Ronit Popovitz-Biro, 9 Bar Shaul Street, Rehovot, Israel 
' Michal Gavish, 65 Ben Eliezer Street, Ramat Gan, Israel

Leslie Leiserowitz, 8 Neve Metz, The Weizmann Institute of Science, Rehovot,
Meir Lahav, 31 Efconot Shine, The Weizmann Institute of Sciencem RehovoPrael 

4s-(are) the actual inventor(s) of the invention and the facts upon which Israel
the applicant

is (are) entitled to make the application are as follows:
by assignment dated January 22, 1990. , the applicant is the assignee of the 
invention from the said actual inventors.

F. B. RICE & CO PATENT ATTORNEYS
This form Is sullnblo family typo of Pnlonl Appltaillon. No lugnllsntlon roqulind.



AU9169398

(12) PATENT ABRIDGMENT (11) Document No. AU-B-69398/91 
(19) AUSTRALIAN PATENT OFFICE (10) Acceptance No. 636432

(54) Title
CLOUD SEEDING

International Patent Classification(s) 
(51)5 A01G 015/00 

(21) Application No. : 69398/91 

(30) Priority Data

(22) Application Date : 15.01.91

(31) Number
93066
96512

(32) Date
15.01.90
29.11.90

(33) Country
IL ISRAEL 
IL ISRAEL

(43) Publication Date : 18.07.91

(44) Publication Date of Accepted Application : 29.04.93

(71) Applicant(s) .
YEDA RESEARCH AND DEVELOPMENT CO. LTD

(72) Inventor(s)
RONIT POPOVITZ-BIRO; MICHAL GAVISH; LESLIE LEISEROWITZ; MEIR LAHAV

(74) Attorney or Agent
F B RICE & CO , 28A Montague Street, BALMAIN NSW 2041

(56) Prior Art Documents
US 3654175
AU 596224 79449/87 A01G15/00

(57) Claim
1. A method for inducing 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 
vapour state, which comprises contacting supercooled water 
with an aliphatic long-chain alcohol of the formula:

or

H3C-(CH2)m-R-(CH2)p-°H

where n ) 14 and m + p ) 14 and R is an unsaturated 
radical, an heteroatom, carbonyl or carbonyloxy.
5. A method for augmenting rainfall which comprises 
seeding supercooled clouds with an alcohol of the formula:

or

H3C-(CH2>m-R-(CH2)p-OH

where n ) 14 and m + p ) 14 and R is an unsaturated
radical, an heteroatom, carbonyl or
carbonyloxy.
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The invention relates to the augmentation of rainfall 
and to means for obtaining such effect. The invention is 
based on the dissemination in the atmosphere of finely- 
divided water-insoluble long chain alcohols which elevate the 
ice-nucleating threshold temperature.

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

Pure water can be supercooled to temperatures of -20°C 
to -40°C. Promotion of ice nucleation, necessary for 
rainfall, has been exploited in the induced precipitation of 
rain by silver iodide seeded in clouds. Silver iodide is used 
today as an artificial rain nucleating system. It increases 
ice nucleation temperature by about 5°C, resulting in an 
increase of about 20% of the precipitation 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: 274 (1967) and 
certain bacteria (Levin et al., J. Climate and Appl. 
Meteorology, 26: 1188 (1987) were found to nucleate ice
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efficiently as silver iodide.
It was now found that the spreading of monolayers of

water insoluble alcohols on small water drops, raises the 
freezing point of these in a significant manner and reduces 
the supercooling to a larger extent than the hitherto used 
means for nucleating ice formation.

The present invention relates to the use of aliphatic 
long-chain alcohols of the formula

CnHzn+xOH or
HaC-CCH^xn-R-iCH^p-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 0°C, 
from supercooled water present as small drops and/or in the 
vapour state. In particular, the invention relates to the use 
of said alcohols for cloud seeding for augmenting rainfall.

In a preferred embodiment, alcohols of the formula 
CxiH^xOH are used when n is an odd number. Preferably, n 
is 27, 29 or 31 when nucleation of ice is induced at 
temperatures from about -2.7°C to about 0°C. The most 
preferred alcohol is 03χΗ630Η.

The invention further relates to a method for augmenting 
rainfall which comprises seeding supercooled clouds with an 
alcohol as defined above.

The alcohols of the invention can have both antifreeze 
and nucleating effects depending on whether they mix into the 
solution or form surface monolayers. At the monolayer- 
solution interface, hexagonal ice crystals and hexagonal OH
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groups from the alcohol apparently fit nicely together; this 
promotes ice formation and oriented crystal growth. The 
raised freezing 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 
temperature 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 amphiphilic 
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 μΐ) 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 ~l°C/min. The 
temperature of the drops was measured by a thermocouple. The 
melting point of ice was used for its calibration. The 
freezing points were observed by a light microscope. 
Temperatures of freezing were determined in comparative 
experiments carried out simultaneously for two different 
materials. The various amphiphiles can be divided into three 
categories: (a) the reference materials have the lowest ice

3



nucleation temperature; (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 
molecule are poor nucleators.

5 EXAMPLES '
The water drops (10μ1) were placed on a cooled stage

under an optical microscope. One of the drops was covered by 
0.5 μΐ of the alcohol in chloroform. The second drop was 
covered in a similar way by a reference amphiphilic material.

10 The solvent was allowed to evaporate. The system was purged
with nitrogen and cooled down at a rate of about l°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.

15 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

20 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 
C^Hzxx+xOH. The freezing point curve for the n-odd series 
increases asymptotically with chain length, approaching 0°C

25 for n=31. The n-even series behaves differently; the freezing
point curve reaches a plateau of about -8°C for n 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
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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

5 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 on the upper 
supercooled part of the cloud in increased concentrations is 
suitable for this purpose. The material may be dispersed in

10 the clouds in a finely dispersed form. It may be applied as 
a fog released from a high altitude.

TABLE I

Example Alcohol/Freezing Point Molarity Reference/Freezing Point

1 C3oH6i0H/~7.5±0.5oC 6.6xl0~4M C29HS9COOH/-15.8+1.6 °C

15 2 C3iH630H/-0.5±0.5°C 5.5xl0“4M C29HS9COOH/-15.8+1.6 °C

3 C2iILx30H/-5.3±1.4oC 4.8xl0-4M C20H41COOH/-I7. 3 + 1.0°C

4 Ca9HS9OH/-1.4±1.0°C 5.0xl0-4M C28HS7COOH/-12.8 + 1.5°C

5 C2-7HssOH/-2.2 + 0.5°C 5.2xl0~4M C24H49COOH/-15.3+1.5°C

6 CasHsiOH/-3.4±1.0oC 5.0xl0~4M C24H49COOH/-15.3+1.5°C

20 7 CaaH4SOH/-7.9±0.5oC 5.0xl0-4M C2XH43COOH/-14. 0 + 1.0°C
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THE CLAIMS DEFINING THE INVENTION ARE AS FOLLOWS:- 
1. A method for inducing nucleation of ice at 
temperatures within the range from -8°C to 0°C, from 
supe. c ooled water present as small drops and/or in the

5 vapour state, which comprises contacting supercooled water 
with an aliphatic long-chain alcohol of the formula:

C H„ ,-, OH n 2n+l or

10 H3C-(CH2)m-R-(CH2)p-OH

where n ) 14 and m + p ) 14 and R is an unsaturated 
radical, an heteroatom, carbonyl or carbonyloxy.

15 2. A method according to claim 1 wherein the alcohol has
the formula C Hn OH and n is an odd number, n 2n+l
3. A method according to claim 2 wherein n is 27, 29 
or 31.
4. A method according to claim 2 wherein the alcohol is

20 C31H63OH·
5. A method for augmenting rainfall which comprises 
seeding supercooled clouds with an alcohol of the formula:

CnH2n+l0H or

25
H3C-(CH2)m-R-(CH2)p-OH

where n ) 14 and m + p ) 14 and R is an unsaturated 
radical, an heteroatom, carbonyl or

30 carbonyloxy.
6. A method according to claim 5 whp-ein the alcohol has
the formula C H~ ,.ΟΗ and n is an odd number, n 2n+l
7. A method according to claim 6 wherein n is 27, 29
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8. A method according to claim 7 wherein the alcohol is 
C31H6 SE­

DATED this 18th day of February 1993

YEDA RESEARCH AND 
DEVELOPMENT CO LTD

Patent Attorneys for the 
Applicant:
F.B. RICE & CO.


