
US 20120067390A1 

(19) United States 
(12) Patent Application Publication (10) Pub. N0.2 US 2012/0067390 A1 

Pollack (43) Pub. Date: Mar. 22, 2012 

(54) METHOD AND SYSTEM FOR GENERATING (60) Provisional application No. 61/023,313, ?led on Jan. 
ELECTRICAL ENERGY FROM WATER 24, 2008. 

(75) Inventor: Gerald H. Pollack, Seattle, WA Publication Classi?cation 

(Us) (51) Int. Cl. 
H01M 10/02 (2006.01) 

(73) Assignee: University of Washington, Seattle, H01M 10/056 (201001) 
WA (Us) H01L 31/0216 (2006.01) 

H01L 35/02 (2006.01) 
(21) Appl. No.: 13/235,274 H01L 31/02 (2006.01) 

H01L 31/0236 (2006.01) 
(22) File/d1 Sell-16,2011 (52) us. Cl. ........ .. 136/201; 136/252; 136/259; 136/205 

Related US. Application Data (57) ABSTRACT 

(63) Continuation of application No. 12/359,585, ?led on Method and system fOr generating electrical energy frOm a 
Jan. 26, 2009, noW abandoned. volume of Water. 



Patent Application Publication Mar. 22, 2012 Sheet 1 0f 15 US 2012/0067390 A1 

40 

ig. 1. 



Patent Application Publication 

Exclusion zone expansion ratio 

Exclusion zone expansion ratio 

2.6 

2.4L 
2.2L 
2.0L 
1.8 

1.6; 
1.4-' 
1.2 

Mar. 22, 2012 Sheet 2 0f 15 US 2012/0067390 A1 

1 .0 
200 

3.2 - 

3.0 

2.8 

2.6 L 

2.4l 
2.2l 
2.0 

1 .a -' 

1 .6- 

1 4 I 

I l l 

400 500 700 

Wavelength (nm) 

FIG. 2A. 

I 

300 600 

i / 
i/\ 

.1500 2500 ao'oo as'oo' 
Waveiength (nm) 

FIG. 2B. 

' zo'oo ' 40'00 4500 



Patent Application Publication Mar. 22, 2012 Sheet 3 0f 15 US 2012/0067390 A1 

140 

\\ 
\fm Voltage (m0 

8 ‘é % % 

0 200 400 600 800 1000 1200 1400 1000 

Time (seconds) 

Fig.3. 



Patent Application Publication Mar. 22, 2012 Sheet 4 0f 15 US 2012/0067390 A1 

Current(uA) g N u. N u. u v‘ w u- u- u- 0 

250 300 350 

Time (seconds) 

Fig.4. 



Patent Application Publication Mar. 22, 2012 Sheet 5 0f 15 US 2012/0067390 A1 

250 

200 r-\ m 

s / 
s 150 

E” 
“' 100 g / 

50 \ J 
Turn on IR Turn o?“ IR 

0 0 30'0 41'20 660 860 who 12‘00 1400 

Time (seconds) 

Fig.5. 



Patent Application Publication Mar. 22, 2012 Sheet 6 0f 15 US 2012/0067390 A1 

amimmwzgijé / / 

Power (PW) 

FIG. 6. 



Patent Application Publication Mar. 22, 2012 Sheet 7 0f 15 US 2012/0067390 A1 

FIG. 7A, 

FIG. 7B. 



Patent Application Publication Mar. 22, 2012 Sheet 8 0f 15 US 2012/0067390 A1 

MN“ LEmo-PR 

LED17-PR 

a _ 

4 5 3 3 

0:2 c2235 2.3 55296 

12 1O 

Tlme (mlns) 

FIG. 8A. 

23.. :2235 23 06226 

12 10 

Time (mins) 

FIG. 8B. 



Patent Application Publication Mar. 22, 2012 Sheet 9 0f 15 US 2012/0067390 A1 

Exclusion zone expansion ratio 

3.5 2.5 1.5 

3.5 min 

5 min 

_ _ n _ 

o 0 0 o 0 

o 2 

n_. mwmm e5: 355m 5:23 :6: =58 
1200 ~ 

0 m 

FIG. 9A. 

1 \n én .w 

W -m 

m w 

h m m , 

.m m .w. - S _. r. m 

_. U _ . 

6 W .._ S H 
C b ._ W I 

,m e _.. o 

m I 10% JLC A I 
s m ... b m 

\ PM. 2 I 

I w w 2 A“. w 

4\ m .L s 

\k \8 \L '1 

L- w a“ 

IHl/li .sztk‘ III 0. IA ID 
- - - - - 

. . 0 . . 0 . .. 

m u z w 1. a“ 25.. 53596 33 :Bmioxm 

Distameiromhh?msufmepm 

FIG. 9B. 



Patent Application Publication Mar. 22, 2012 Sheet 10 0f 15 US 2012/0067390 A1 

?igimai 



Patent Application Publication Mar. 22, 2012 Sheet 11 0f 15 US 2012/0067390 A1 

e b E! 

Mama A é“: 

3?’ 
,? M 

F? q ‘*" 
$2: 

$3 SE13 ‘_ 

“I ........................................... .2 

FIG. 11. 





. .MEE 2:: 

oooooooo o 
. 5% ooooo 8d. ooooo 1 ///////////////////%MHM ooooo 

vm 3v we 
. :NE 

% ooooooo 0.. E8086. 

3m mom mvm m2 m3 mm on P . 





5.5 ‘ we; 

MM...“ 

03m meow 82 :2 Km? 33 gm? mw: woo? mmw QC. mm 03 5m 13 _. 

00000000 - . 



US 2012/0067390 A1 

METHOD AND SYSTEM FOR GENERATING 
ELECTRICAL ENERGY FROM WATER 

CROSS-REFERENCE TO RELATED 
APPLICATION 

[0001] This application claims the bene?t of US. Provi 
sional Patent Application No. 61/023,313, ?led J an. 24, 2008, 
expressly incorporated herein by reference in its entirety. 

STATEMENT OF GOVERNMENT LICENSE 
RIGHTS 

[0002] This invention Was made With Government support 
under Contract No. AT-0023 62 andAR-44813 awarded by the 
National Institutes for Health and under Contract No. 
N00014-05 -1-0773 aWarded by the Of?ce of Naval Research. 
The Government has certain rights in the invention. 

BACKGROUND OF THE INVENTION 

[0003] Satisfying the World’s energy needs is a demanding 
endeavor. Presently, fossil fuels are responsible for supplying 
the bulk of these WorldWide needs. However, fossil fuel sup 
plies are ?nite, their consumption often has adverse environ 
mental effects, their cost Widely variable and someWhat 
unpredictable, and independence from them is long consid 
ered to be politically advantageous. 
[0004] Alternative energy sources are being actively sought 
and developed. Solar and Wind energy are attractive alterna 
tives to fossil fuels. Wind farms have been developed and 
energy from them complements conventional energy supply. 
The promise of e?icient and cost effective solar energy has 
yet to be realiZed, although considered to be a future solution 
to the WorldWide energy problem. 
[0005] Solar radiation, at its maximum produces about 
1000 Watts/m2. Solar cells can operate up to 30% ef?ciency, 
but typical values of ef?ciency for the most economical units 
are about 15-20%. Hence, typical output is about 200 Watts/ 
m2, or about 20,000 [.LW/CIIIZ at full solar radiation. Under 
more typical lighting conditions, the output Would be an order 
of magnitude loWer, about 2,000 [1W/cm2. Typical photovol 
taic output value is about 12,000 [.LW/CIIIZ at full sun at the 
equator during the vernal equinox at midday, Which is the 
absolute peak. More typical values, but still under bright 
conditions, Would be an order of magnitude loWer, perhaps 
1,200 uW/cmZ. The benchmark for commercial photovoltaic 
cells in fairly bright light is from about 1,000 to about 2,000 
[1W/cm2. 
[0006] Despite the advances made in harnessing energy 
from the sun, a need exists to develop solar energy systems 
that provide electrical energy in an ef?cient and co st effective 
manner. The present invention seeks to ful?ll this need and to 
provide further related advantages. 

SUMMARY OF THE INVENTION 

[0007] The present invention provides a method and system 
for generating electrical energy from a volume of Water. 
[0008] In one aspect, the invention provides a method for 
generating electrical energy from a volume of Water. In one 
embodiment, the method includes contacting a volume of 
Water With a hydrophilic surface and applying energy to the 
volume of Water to provide an exclusion Zone in the volume of 
Water at the interface of the hydrophilic surface and the Water, 
and a bulk Zone in the volume of Water outside of the exclu 
sion Zone; providing a ?rst electrode in the exclusion Zone 
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and a second electrode in the bulk Zone; and extracting elec 
trical energy from the volume of Water by connecting a load 
across the electrodes. 
[0009] The applied energy can be radiant energy from the 
sun or infrared radiant energy from a local environment. 
[0010] The method for providing electrical energy from a 
volume of Water includes comprising connecting a load 
across ?rst and second electrodes in contact With a volume of 
charge-separated Water, Wherein the volume of Water is in 
contact With a hydrophilic surface in liquid communication 
With the Water de?ning an exclusion Zone at an interface of the 
hydrophilic surface and the Water, and a bulk Zone in the 
volume of Water outside of the exclusion Zone, Wherein the 
?rst electrode is in the exclusion Zone, and Wherein the sec 
ond electrode is in the bulk Zone. 
[0011] In another aspect of the invention, a system for 
generating electrical energy from a volume of Water is pro 
vided. The system includes a hydrophilic material having a 
hydrophilic surface; a vessel for receiving the hydrophilic 
material and a volume of Water; a ?rst electrode positioned in 
the vessel proximate to the hydrophilic surface; and a second 
electrode positioned in the vessel distal to the hydrophilic 
surface. 

DESCRIPTION OF THE DRAWINGS 

[0012] The foregoing aspects and many of the attendant 
advantages of this invention Will become more readily appre 
ciated as the same become better understood by reference to 
the following detailed description, When taken in conjunction 
With the accompanying draWings, Wherein: 
[0013] FIG. 1 is a schematic illustration of a representative 
system for carrying out a method of the invention; 
[0014] FIGS. 2A and 2B are graphs comparing the exclu 
sion Zone expansion ratio as a function of Wavelength of 
applied energy; 2A UV-Vis, 2B IR; 
[0015] FIG. 3 is a graph illustrating voltage decrease over 
time in an open circuit With no infrared irradiation; 
[0016] FIG. 4 is a graph illustrating current over time in a 
closed circuit With a 10K resistor; 
[0017] FIG. 5 is a graph illustrating voltage over time in an 
open circuit With infrared irradiation; 
[0018] FIG. 6 is a graph shoWing poWer generated as a 
function of pH; 
[0019] FIG. 7A is an image of an exclusion Zone prior to 
exposure to infrared radiation, the exclusion Zone (EZ) is 
denoted by the absence of microspheres; and 
[0020] FIG. 7B is an image of the exclusion Zone after 5 
min exposure to light from LED31-PR; approximate siZe of 
incident beam is shoWn; 
[0021] FIG. 8A is a graph comparing exclusion Zone 
expansion ratios as a function of exposure time for three 
infrared sources (LED17-PR, LED20-PR. and LED31-PR, 
loWer poWer for LED31-PR); and FIG. 8B is a graph com 
paring exclusion Zone expansion ratios as function of time 
during 10 min exposure at different intensities (0.21 mW, 
0.34 mW, and 1.20 mW) using LED20-PR; 
[0022] FIG. 9A is a graph comparing exclusion Zone 
expansion ratios at different depths during 3 .5 min, 5 min, and 
7 min exposures of 3.1 pm radiation; and FIG. 9B is a graph 
comparing exclusion Zone expansion ratios With 5 min expo 
sure to 3.1 pm radiation focused at a series of distances from 
the NAFION® surface; 
[0023] FIG. 10A is a graph comparing pH change over time 
folloWing addition of Water to a NAFION® sheet; pH values 
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Were measured at 5 s intervals using a miniature pH probe 
positioned at three distances from the NAFION® sheet (1 
mm, 5 mm, and 10 mm); a Wave of protons is generated as the 
exclusion Zone forms providing loWer pH; at a distance of 1 
mm, the pH drop transiently exceeds 3 pH units, Which rep 
resents a hydrogen ion increase in excess of 1,000 times; and 
FIG. 10B is an image of a chamber containing a NAFION® 
tube (bottom) ?lled With Water containing pH-sensitive dye; 
vieW is normal to the Wide face of a narroW chamber; image 
obtained 5 min after dye-containing solution Was added to the 
tube; the dark color indicates pH <3; the lighter colors above 
indicate progressively higher pH levels With near neutrality at 
the top; 
[0024] FIG. 11 is a graph comparing potential (mV) mea 
sured as a function of distance from the surface of represen 
tative hydrophilic materials (NAFION® and poly(acrylic 
acid) gel) useful in the method of the invention; substances 
are depicted as “inside” and Water is “outside;” 

[0025] FIG. 12 is a graph of voltage (V) over time using a 
platinum cathode and Zinc electrode; 
[0026] FIG. 13 is a graph corresponding to FIG. 12 shoWing 
current (amperes) over time; 
[0027] FIG. 14 is a graph of voltage (V) over time using a 
platinum cathode and Zinc electrode using glass slides that are 
tWice (2x) larger than those used to obtain the record shoWn in 
FIG. 12; and 
[0028] FIG. 15 is a graph corresponding to FIG. 14 shoWing 
current (amperes) over time. 

DETAILED DESCRIPTION OF THE INVENTION 

[0029] The present invention provides a method and system 
for generating electrical energy from a volume of Water. In the 
method, electrical energy is extracted from the volume of 
Water that is subject to or has been subject to applied energy, 
such a radiant energy from the sun or the local environment. 

[0030] In one aspect, the invention provides a method for 
generating electrical energy from a volume of Water. In one 
embodiment of the method, a volume of Water is contacted 
With a hydrophilic surface and subjected to the application of 
energy to provide an exclusion Zone at the interface of the 
hydrophilic surface and the Water. A bulk Zone in the volume 
of Water is formed outside of the exclusion Zone. Charge 
separation is induced in the volume of Water by applying 
energy to the volume of Water. Electrical energy is extracted 
from the volume of Water by providing a ?rst electrode in the 
exclusion Zone and a second electrode in the bulk Zone, and 
connecting a load across the electrodes. 

[0031] As used herein, the term “exclusion Zone” refers to 
a region of the volume of Water created at the interface of the 
hydrophilic surface and the Water Where solutes and particles 
are excluded. The term “bulk Zone” refers to the region of the 
volume of Water outside the exclusion Zone. The exclusion 
Zone results from the application of energy (e.g., radiant 
energy) to the volume of Water. The exclusion Zone builds 
With increasing applied energy. 
[0032] Application of energy to the volume of Water in 
contact With the hydrophilic surface results in the formation 
of the exclusion Zone. In the process, charge separation is 
induced in the volume of Water. As used herein, the term 
“charge separation” refers to the physical separation of nega 
tive charges (e.g., solutes, particles, ions) from positive 
charges (e. g., solutes, particles, ions) in the volume of Water. 
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In general, the exclusion Zone is a region of negative charge 
and the bulk Zone is a region of positive charge (e. g., hydro 
nium ions, free protons). 
[0033] The siZe and shape of the exclusion Zone formed in 
the method of the invention varies greatly depending on the 
nature of the hydrophilic surface, its siZe and shape, the nature 
of the volume of Water, and the energy applied. The siZe of the 
exclusion Zone is variable and dependent on the applied 
energy: the greater the applied energy, the greater the siZe of 
the exclusion Zone. The exclusion Zone can extend up to a 

meter or more from the hydrophilic surface. The exclusion 
Zone can therefore extend from the hydrophilic surface any 
distance from about 1 nm to a meter or more. In certain 

embodiments, the exclusion Zone can extend a distance of 
from one to tWo millimeters from the hydrophilic surface. In 
other embodiments, the exclusion Zone can extend a distance 
of from about 200 um to about 700 pm from the hydrophilic 
surface. The shape of the exclusion Zone is also variable. For 
example, When the hydrophilic surface is a sheet positioned 
against a Wall of the vessel containing the volume of Water, 
the exclusion Zone extends into the volume of Water aWay 
from the surface of the hydrophilic surface. When a sheet of 
material having tWo hydrophilic surfaces is placed in a vol 
ume of Water, the exclusion Zone extends into the volume of 
Water aWay from each surface. For a sphere of hydrophilic 
material having a hydrophilic surface, the exclusion Zone 
extends radially into the volume of Water aWay from the 
sphere (e. g., shell). In other embodiments, the exclusion Zone 
extends into the volume of Water non-uniformly. For 
examples, the exclusion Zone can have the form of a cone 
narroWing into the volume of Water. Exclusion Zones having 
a plurality of cones extending into the volume of Water have 
also been observed. Schematic illustration of the volume of 
Water having exclusion and bulk Zones is shoWn in FIG. 1. 

[0034] Exclusion Zones Were not observed With materials 
having hydrophobic surfaces, such as silicon rubber, nylon, 
carbon, quartz, and PARAFILM®. In general, the materials 
having surfaces that are highly charged (e.g., NAFION® 1 17 
polymer, polyacrylic acid gels) exhibit the largest exclusion 
Zones, While those that are least charged (e. g., polyvinyl alco 
hol gels) exhibit the smallest exclusion Zones. In all cases, the 
region beyond the exclusion Zone had net positive charge, 
con?rmed by measurements of pH, Which shoWed loW pH 
and therefore high hydrogen ion concentration. In some 
experiments the pH Was as much as four units loWer than the 
original Water pH. HoWever, the situation is reversed in the 
case of positively charged surfaces. These included positively 
functionaliZed polystyrene gel beads, and positively func 
tionaliZed SELEMION® (Asahi). In such cases the potential 
Was 100-200 mV positive at the surface, declining to Zero at 
the edge of the exclusion Zone. The bulk Water beyond had 
high pH instead of loW pH. In these cases of positively 
charged surfaces, the exclusion Zones Were found to be 
smaller and someWhat more ephemeral than those next to the 
negatively charged surfaces. 
[0035] The volume of Water required for the method of the 
invention is not critical. The method is applicable to nanos 
cale volumes of Water and to expansive volumes of Water 
(e.g., lakes and oceans). The pH of the volume of Water can 
vary (e.g., from about 2 to about 1 1). It has been observed that 
relatively more electrical energy can be obtained by the 
method at loW pH (e.g., pH >about 4). The volume of Water 
can include solutes such as salts. Suitable salts include potas 
sium chloride and sodium chloride. Other salts, such as those 



US 2012/0067390 A1 

used in chemical batteries can also be used. The ionic strength 
of the volume of Water can also vary. Ionic strengths up to 
about 5 M have provided reasonable output. Electrical energy 
has been extracted from volumes of Water having ionic 
strength up to about 5 M, and optimal energy has been 
obtained at ionic strengths from about 100 mM to about 2 M. 

[0036] In the method, the exclusion Zone is formed adjacent 
to the hydrophilic surface. As used herein, the term “hydro 
philic surface” refers to a surface of a material having a 
contact angle less than 90 degrees for Water. The hydrophilic 
surfaces may be charged or uncharged. The charged hydro 
philic surfaces may be mixed charge surfaces. The charged 
hydrophilic surfaces may have a net positive charge or a net 
negative charge. 
[0037] Suitable materials having hydrophilic surfaces 
include hydrophilic gels (e.g., polyacrylic acid gels, polyvi 
nyl alcohol gels, polyacrylamide gels, polyHEMA gels, col 
lagen gels, actin gels, and agarose gels), biological materials 
(e. g., muscle tissue, vascular endothelium, xylem, oxtail ten 
don, seaWeed, and plant root), self-assembled monolayers 
including carboxyl group-containing monolayers and poly 
ethylene glycol-containing monolayers (e.g., supported on 
metal surfaces such as gold), polymeric surfaces (e.g., iono 
mer surfaces) including sulfonic acid-containing polymer 
surfaces (e. g., sulfonated tetra?uoroethylene copolymer sur 
face also knoWn as NAFION®), inorganic surfaces (e.g., 
surfaces containing titanium dioxide, silicon, Zinc, lead, tung 
sten, aluminum, tin, and mica), and ion exchange resins and 
materials. 
[0038] As noted above, suitable materials having hydro 
philic surfaces may have a variety of shapes. In one embodi 
ment, the hydrophilic material is a sheet having a rectangular 
hydrophilic surface. In another embodiment, the hydrophilic 
material is a particle (e.g., microsphere or nanosphere). In 
other embodiments, the hydrophilic material includes a plu 
rality of hydrophilic beads (e. g., mixed charged beads, nega 
tively charged beads, positively charged beads). 
[0039] In one embodiment, the hydrophilic material is ice. 
[0040] Exclusions Zones have been observed for each of the 
hydrophilic materials noted above. 
[0041] As noted above, in the method, a volume of Water is 
contacted With a hydrophilic surface and subjected to the 
application of energy. Application of energy increases the 
siZe of the exclusion Zone. In one embodiment, applying 
energy includes irradiating the volume of Water With electro 
magnetic radiation. Suitable electromagnetic radiation 
includes radiation absorbed by the volume of Water (e.g., 
Wavelengths in the range from about 200 nm to about 10,000 
nm). In the method, infrared Wavelengths are the mo st effec 
tive Wavelengths. In one embodiment, the radiant energy has 
a Wavelength of about 3 pm. 

[0042] The applied energy can be radiant energy from the 
environment such as solar energy (e.g., ultraviolet, visible, 
near infrared, and infrared radiation) and heat from the local 
environment (infrared radiation). 
[0043] Although radiant energy is the source of energy 
applied to the volume of Water, in one embodiment of the 
method, the siZe of the exclusion Zone can be increased by 
applying a voltage across the electrodes. 

[0044] In the method, electrical energy is extracted from 
the charge-separated volume of Water by connecting a load 
across the ?rst and second electrodes. The nature of the elec 
trodes is not particularly critical. Suitable electrodes include 
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platinum, Zinc, aluminum, stainless steel, and copper elec 
trodes. The ?rst and second electrodes may the same or dif 
ferent. 

[0045] The load can be connected after a predetermined 
period of time after inducing charge separation (i.e., after 
applying energy to the volume of Water). Alternatively, the 
load can be connected during application of energy (e.g., 
applying radiant energy to the volume of Water) in Which case 
electrical energy is extracted from the volume of Water at the 
same time that energy is applied to the volume of Water. 

[0046] Thus, in one embodiment of the method, electrical 
energy is extracted from a volume of Water by connecting a 
load across ?rst and second electrodes in contact With a vol 
ume of charge- separated Water, Wherein the volume of Water 
comprises a hydrophilic surface in liquid communication 
With the Water de?ning an exclusion Zone at an interface of the 
hydrophilic surface and the Water, and a bulk Zone in the 
volume of Water outside of the exclusion Zone, Wherein the 
?rst electrode is in the exclusion Zone, and Wherein the sec 
ond electrode is in the bulk Zone. As noted above, “charge 
separated Water” refers to Water in contact With a hydrophilic 
surface that initiates the formation of the exclusion Zone 
having a net charge opposite that of the bulk Zone. 

[0047] In another aspect of the invention, a system for 
extracting electrical energy from a volume of Water is pro 
vided. In one embodiment, the system includes a hydrophilic 
material having a hydrophilic surface, a vessel for receiving a 
hydrophilic surface and a volume of Water; a ?rst electrode 
positioned proximate to the hydrophilic surface; and a second 
electrode positioned distal to the hydrophilic surface. When 
the vessel has received a volume of Water and energy has been 
applied to the volume of Water, the ?rst electrode is positioned 
in an exclusion Zone formed at the interface of the hydrophilic 
surface and the Water, and the second electrode is positioned 
in a bulk Zone in the volume of Water outside of the exclusion 
Zone. 

[0048] In one embodiment, the system includes only those 
components described above (i.e., the system consists of the 
noted components). In another embodiment, the system 
includes those components described above and other com 
ponents that do not alter the characteristics of the system (i.e., 
the system consists essentially of the noted components). 
Components that are excluded from this embodiment include 
components and conditions used in methods for the electroly 
sis of Water, methods for analyZing Water samples, and elec 
trochemical analytical and synthetic methods carried out in 
Water. 

[0049] FIG. 1 is a schematic illustration of a representative 
system for carrying out the method of the invention. Referring 
to FIG. 1, system 100 includes vessel 10 that contains volume 
of Water 12 and hydrophilic material 14 having hydrophilic 
surface 16. On application of energy (e.g., radiant energy), 
exclusion Zone 20 and bulk Zone 22 form in volume of Water 
12. Electrode 32 is positioned in the exclusion Zone and 
electrode 34 is positioned in the bulk Zone. Electrical energy 
is extracted from the volume of Water by applying a load 40 
across electrodes 32 and 34. Absent continued application of 
applied energy, the exclusion Zone contracts. Application of 
energy during the application of a load alloWs for mainte 
nance of the exclusion Zone (i.e., charge separation) and 
simultaneous extraction of electrical energy. 

[0050] The folloWing provides a further describes the 
method of the invention. 
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[0051] Unexpected phenomenon Was observed in Water 
next to hydrophilic surfaces. In a Zone up to several hundred 
micrometers from the hydrophilic surface, solutes Were 
excluded. Subsequent studies shoWed that the solute-exclud 
ing region Was physico-chemically different from ordinary 
Water, and probably liquid crystalline. Qualitative differences 
betWeen this vicinal Water and the bulk Water farther from the 
hydrophilic surface Were demonstrated using NMR, infrared 
radiation, and UV-Vis optical absorption. An additional unex 
pected result Was also observed: the excluding region Was 
negatively charged. The potential difference betWeen the 
vicinal Water and Water remote Was approximately 200 mV, 
decreasing exponentially With distance from the surface, 
toWard Zero potential difference at the end of the exclusion 
Zone. 

[0052] The results indicate a loss of positive charge from 
otherWise neutral Water. This lost positive charge Was deter 
mined to reside in the aqueous Zone beyond the exclusion 
Zone. Methods shoWed a large proton concentration in this 
bulk region. In dynamic experiments With pH probes, a Wave 
of protons Was detected ?oWing aWay from the vicinal Water 
and toWard the more distant bulk Water, as the exclusion Zone 
Was groWing. The result is charge separation in the Water. 
[0053] When an entity Whose surface is hydrophilic is 
placed into Water, ordering of Water molecules next to the 
surface immediately begins. The ordered entity is negative. 
As this Zone builds, the quantity of negative charge builds. 
MeanWhile, the complementary positive charges build in the 
Zone beyond this ordered Zone to provide charge separation. 
The charge separation is sustained. In the method of the 
invention, electrical current is draWn and thereby useful Work 
obtained from charge-separated Water. 
[0054] In the method of the invention, the buildup of Water 
structure, and hence the separation of charge, is poWered by 
incident radiant energy (i.e., photons). In an experiment, a 
chamber lined on one side With a hydrophilic surface (i.e., 
NAFION®) Was ?lled With an aqueous suspension of poly 
styrene microspheres. Within several minutes the micro 
spheres moved aWay from the surface leaving an exclusion 
Zone. This Zone generally remained stable for hours. When 
light Was added the exclusion Zone immediately began groW 
ing, and Within ?ve minutes it had groWn substantially. When 
the light source Was extinguished, the exclusion Zone 
returned to its initial siZe. The effect of incident light is 
reversible. 

[0055] GroWth of the exclusion Zone Was Wavelength sen 
sitive. FIGS. 2A and 2B are graphs comparing exclusion Zone 
expansion ratio (de?ned as the ratio of the exclusion Zone 
Width after application of energy to the control state, Which is 
the Width of the exclusion Zone prior to the application of 
energy) as a function of Wavelength (2A UV-Vis and 2B IR). 
Throughout the ultraviolet-visible range the intensity Was 
maintained constant; and, the same throughout the infrared 
range (on the order of 100 uW). In the latter series, intensities 
Were loWer than in the former series. All Wavelengths 
increased the siZe of the negative Zone, and the increase Was 
Wavelength sensitive. The mo st poWerful effect occurred at a 
Wavelength of 3 pm. With modest intensity (271 uW) at 3 in 
?ve minutes the exclusion Zone (EZ) increased by almost a 
factor of three. 

[0056] It is noteWorthy that 3 pm is the Wavelength most 
strongly absorbed by Water, and it causes heating. The tem 
perature increase Was measured at various points in the cham 
ber. During the ?ve-minute exposure, in no instance did the 
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temperature increase exceed 10 C. demonstrating that any 
effect of heating must have been secondary. The major impact 
of these photons appears to be non-thermal, although the 
exact mechanism (i.e., hoW the photonic energy brings about 
ordering of exclusion Zone Water and charge separation) 
remains unclear. 
[0057] The folloWing experiments determined that electri 
cal poWer can be draWn from the charge-separated Water. The 
setup included a NAFION® sheet, secured Within a sandWich 
of plastic sheets each containing a large open WindoW, so that 
the NAFION® sheet Was exposed to Water. A stainless steel 
mesh electrode Was placed immediately adjacent to the 
exposed NAFION® sheet on one side. This served as the 
negative electrode. The positive electrode, another stainless 
steel mesh, Was placed some distance from the sheet, either on 
the same, or the opposite side as the negative electrode. The 
second electrode Was positioned so as to lie beyond the exclu 
sion Zone. The entire assembly Was immersed in Water. The 
tWo electrodes Were either left open circuited, for potential 
difference measurements, or connected by a load resistor, 
arbitrarily chosen at 10 Kohms, through Which current could 
How. 
[0058] A potential difference on the order of 100-200 mV 
Was typically recorded. The voltage Was high at ?rst, but 
generally declined With time, depending on Whether the load 
resistor Was or Was not attached. Importantly, the voltage 
never fell to Zero. A fraction of the initial voltage persisted 
inde?nitely, implying that energy Was consistently ?oWing 
into the system to recharge the system (infrared energy Was 
continuously available to poWer the system). FIG. 3 is a graph 
illustrating voltage decrease over time in an open circuit With 
no infrared irradiation. FIG. 4 is a graph illustrating current 
over time in a closed circuit With a 10K resistor. 

[0059] Experiments Were then undertaken to demonstrate 
that incident infrared illumination increases poWer output in 
the system. FIG. 5 is a graph illustrating voltage over time in 
an open circuit With infrared irradiation. This data Was 
obtained after the voltage had already diminished consider 
ably from an initial value. Turning on the light caused an 
immediate (Within several minutes) return to the initial (200 
mV) voltage, Which Was sustained even for some time after 
the light had been turned off. 
[0060] LoWering the pH of the volume of Water tended to 
increase poWer as indicated in FIG. 6. Adding salt to the 
volume of Water induces a substantial positive effect on 
poWer production, probably because of the increased conduc 
tivity of the solution. 
[0061] Potassium chloride and sodium chloride exert simi 
lar effects. In the concentration range 0.1 M to 1 M, poWer 
output increased to 150 microWatts. Considering the elec 
trode-surface areas of approximately 3 cm2, this increase 
amounts to about 50 uW/cm2. 
[0062] Examples of exclusion Zones are illustrated in FIGS. 
7A and 7B. Referring to FIGS. 7A and 7B, the exclusion 
Zones are adjacent nucleating surfaces and are denoted by the 
absence of microspheres. As noted above, the exclusion Zone 
is distinct from bulk Water. A series of measurements includ 
ing UV-Vis absorption spectra, infrared and NMR imaging, 
and electrical polariZation shoWed that Water in the exclusion 
Zone Was less mobile and more ordered than bulk Water, and 
that it Was charged. Water is knoWn to have a strong absorp 
tion peak at a Wavelength 3.05~3.10 um, corresponding to a 
symmetric OH stretch. A light source, LED31-PR, Which has 
peak output at 3.1 pm and full Width at half maximum 










