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Stuart Licht

Rapid progress in metal hydride' and lithium-ion® chemistry has
accelerated rechargeable battery development. Comparative
progress has been limited in aqueous primary cells which comprise
the vast majority of consumer batteries. The aqueous manganese
dioxide/zinc battery has been a dominant primary battery chemistry
for over a century. A new class of batteries is reported, referred to
as super-iron batteries, containing a cathode utilizing a common
material (iron) in an unusual (greater than 3) valence state. As with
the alternate manganese dioxide cathode, the cathode is compatible
with both a zinc anode, and an alkaline electrolyte, and is based on
abundant starting materials. Using the same zinc anode and
electrolyte, the batteries are shown to provide significantly more
energy capacity than in conventional alkaline batteries. The cathode
is also rechargeable, and may be discharged in organic media.

The reactivity of lighter than zinc anodes, such as lithium and
aluminum, present challenges to their use in aqueous batteries.**
The storage capacity of the aqueous manganese dioxide/zinc battery
is limited by the charge capacity of manganese dioxide (308
mAh/g), compared to that of zinc (820 mAh/g). An attractive
replacement will have higher capacity than MnO:, but remain
compatible with the zinc anode and the alkaline electrolyte. Novel
cathodes utilize Fe(VI) compounds; and electrochemical storage
cells containing these compounds are "super oxidized iron" or
"super-iron" batteries.*® Iron typically occurs as a metal, or in the
valence states Fe(Il) or Fe(IIl). The reduction of Fe(VI) in accord
with:

(1) FeO# + 5/2H:0 + 3e” = 1/2Fe:0: +50H"
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FIG. . Galvanostatic discharge at 0.5 mA of a super-iron (K;FeOy) cathode

compared to a manganese (Mn0,) cathode, limited zinc cell. The cathode consists of

either 17.3 mg (7 mAh) K,FeOy or 22.7 mg (7 mAh) MnO,, mixed with 30% graphite
by weight. In each case, a commercial 1.1 cm diameter button cell, containing excess
zine, is opened, the cathode removed, and replaced with the 7 mAh cathode. The data
for the high power or standard alkaline M,0, AAA cells is from reference 12. In the
super iron AAA experiments, components are removed from the standard alkaline
cell, and the outer MnO, mix, replaced with a pressed BaFeO , mix (containing 90%
BaFeQy, 10% conductor, and 0.4 ml KOH).
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Novel Chemistry of the Super-lron

represents an energetic and high capacity source of cathodic charge,
including salts with the following theoretical three electron charge
capacities: K:FeO: (406 mAh/g), and BaFeO: (313 mAh/g). The
discharge of these solid materials as battery cathodes has not been
previously reported. Pure K:FeO: and BaFeO: are readily
synthesized. 97-99% purity K:FeOs is synthesized, using analytical
grade reagents, from alkaline hypochlorite treatment of Fe(NO:)s as
described in reference 9. K:FeQ: is synthesized from 0.25 molal
(97-99% pure) K:FeO dissolved in 2% KOH solution at 0°C, and
filtered into an equivalent volume of 0.39 molal (analytical grade)
Ba(C:H:0:)2 solution at 0°C. The precipate is filtered, washed with
water, and freeze dried, producing 98.5£0.5% purity BaFeO..

The K:FeQ: cathodic charge capacity is 32% greater than the
equivalent manganese dioxide. As shown in Figure 1, the full 406
mAh/g storage capacity of K:FeOs is obtained during discharge.
Also as summarized in Figure 1, the BaFeOs, although of lower
capacity than K:FeOx, discharges a higher fraction of this charge at
higher current densities. In Figure 1, the average discharge potential
of the potassium super-iron cathode of 1.58 V versus zinc, is 24%
greater than the (1.27 V) average for the equivalent manganese
dioxide cell, both determined to 90% depth of discharge. Combined
with the increased charge capacity, this also leads to a further
increase in comparative energy capacity.

Although Fe(VI) species have been known for over a century, its
chemistry remains relatively unexplored; evidently due to a
mis-perception of the Fe(VI) species as intrinsically, highly
unstable. The decomposition of Fe(VI) occurs in reactions such as
presented in equation 2.

@) FeO: + 3/2H:0 = FeOOH + 3/40: + 20H

The fundamental solubility and stability constraints on FeO:
chemistry are not well established. The barium and potassium
super-iron salts, both combine attributes of very low alkaline
solubility (Figure 2, data inset), and high stability. Alternately,
Li:FeO: and Na:FeO: exhibit high solublities (~1 molar, M) in
alkaline hydroxide. A view of Fe(VI) species as intrinsically
unstable is not correct. For example, an excess of K:FeO; in contact
with a concentrated KOH solution has a calculated stability of many
years. Veprek-Siska and Ettel demonstrated at elevated
temperatures that the rapid decomposition of Fe(VI) is due to trace
catalysis by Ni(Il), and concluded "the rate of non-catalyzed
decomposition is immeasurably low"." In Figure 2, we show that
this is also the case at room temperature, as meastired by the 50
peak absorption of FeO: . In 10 M KOH, the stability of KaF
increased by orders of magnitude, from hours to weeks, wher
concentration of Ni(Il) is decreased from 100 pM to less
pM. K:FeO: exhibits similiar stability in KOH or NaOH
shown) electrolytes. S




As seen in Figure 2, Ni(Il) and Co(II) exhibit similar catalytic
effects towards Fe(VI) decomposition in solwion. Fe(VI) is further
stabilized in saturated (~13.5 M) KOH. This phenomenon we
correlate to a decrease in Ni(1l} and Co(Il) activity with an increase
in hydroxide activity, as determined from the solubility product
Ka{Ni(OH}2) = Ks(Co(OH)) = 10”. In saturated KOH solution,
Fe(VI) decomposes at a rate of 10° M FeOs" s". This is equivalent
in 1 m] of this solution to a monthly loss of 0.0005 g K:Fe(Qu. Hence
in this solution, as reported in Figure 2, excess 10 mM (solubility
2mM) K:FeQ., exhibits no change in 505 nm absorbance for the
measured period of 3 months. This solution is prepared with .002¢
K:FeOs per ml solution. However a battery contains a much larger
fraction of cathode mass, typically over lg cathode per ml
electrolyte. Based on the measured Fe(VI) decomposition rate, after
ten years there will be less than a 10% loss of 1 g K:FeO. in contact
with 1 ml concentrated KOH solution.

In a zinc alkaline battery, the zinc anode generates a distribution of
zinc oxide and zincate products, and similarly the final Fe(VI)
product will depend on the depth of discharge. For the respective
potassium and barium super-iron batteries, the cell discharge
reaction may be generalized with M= K: or Ba as:

3 ‘MFe(VI)Os + 3/2Zn = 1/2Fe(1I1):0: + 1/2Zn0 + MZnO:

A variety of super-iron zinc have been prepared and discharged.
The open circuit potential observed in the super-iron zinc battery is
modified by £0.05V with variation of packing conditions and
electrolyte. Generally the barium super iron potential, at 1.85V is
0.1V higher than the potassium super-iron battery at 1.75V. Based
on these open circuit potentials, and equation 3, the potassium and
barium super-iron zinc batteries have a respective maximurn energy
capacity of 475 Wh/kg, and 419 Wh/kg, both higher than the
maximum of 323 Wh/kg for a MnO,/zinc battery. Other compounds
suggest further super-iron storage capacity increases,

The benefit of the facile charge transfer capabilities of the
conductive BaFeO. salt is evident in a cylindrical cell configuration.
As seen in the inget of Figure 1, discharged to 1V at 0.7W high
constant power, the BaFeO.: cell provides a 200% higher energy
compared to advanced MnO: alkaline cylindrical AAA cells (0.86
Wh compared to 0.285 Wh). The chemistry of additional Super-Iron
batteries, including organic media Super-Iron batteries and
rechargeable Super-Iron Metal Hydride batteries is reported in
several recent studies.”

Grateful acknowledgments to present and past Licht research group
members participating in this research: Bachui Wang, Sushanta
Gosh, Vera Naschitz, Jun Li, Sergey Shestemin, Vinod Nair, Oscar
Khaselev, Valentina Goldstein, and Elena Kvashnina.
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New books by Israeli Authors:

Naturally occurring glycosides: Chemistry, distribution,
bilogical properties.

R. Ikan, The Hebrew University, Jerusalem.

John Wiley& Sons Ltd. UK, 1999,

The properties of solvents.
Y. Marcus, The Hebrew University, Jerusalem,
John Wiley& Sons Lid. UK, 1998.

Chemistry of organic silicon compounds.

Volume 2, Series, The chemistry of functional groups.

Series Editors: S. Patai & Z. Rappoport, Hebrew University,
Jerusalem.

Editors: Y. Apeloig, Technion, Haifa, and

Z. Rappoport, Hebrew University. Jerusalem. John Wiley&
Sons Ltd. UK, 1998.



65 -N ©1YIN

65th Meeting |

Guest Institute:
Department of Chemistry,
Cambridge University, UK.

D7UN /N 1IN 2-2 Wa-wi7y p
2000 ININ292 9-8
2212 M2 2 NV'DNIAIR

NN AN 7Y DNOYYXY DAYTINY XU Y712V [NT7IYY
DAYWINA NINNIN ,AR'ZD NIRNIN D1 ,721-N RN 7812
JUTN TN NDNYNI D00ID NAIXN 071270

DION7A D7IVNNI YIRNHD D'OITIVDI DAYTH NIX7 NN
JIMI12-]2 NOIDNAIIN 7L MDD

,N0112
NIARNN NTVIN
M 7270 1-|'0wI0D!7 Yaa
[T ["OWIIRD  NNT7Y NNMON
ny 78N9  7NInY 11012
N7 OOl DR Q72
TR 27 0DIAN T7A
INIDY DY

DMINW! NNID XD
N'ND7 NI7RIYN NNANN DD NN .1

DX 120 ,yraNnT7 7071 An7 RN DNIDDINON
NMayN NO'DNAAINRN AN TIT ‘DD .2

D*NMN DYXAD
Cambridge: NU'DNAIIRD
Alan R. Fersht

Ian Fleming

Jeremy K.M. Sanders

Jim Staunton

Jean-Pierre Hansen

Jacek Klinowski

Finian J. Leeper

NI2NUN
D2IYHNN WINZR/NINDN N2NYN DY7NN DRDN TN7
.DII'DN NNDTINT WWZNNT7 DARIN A'¥N7

-01)'On "NW
Q7NN DNIZNN DN A'NDA INNE 722 [7IDY! DD
N 2 YN DRI NIND

B SYNTHETIC ORGANIC CHEMISTRY

H PHYSICAL ORGANIC CHEMISTRY

B ORGANOMETALLIC CHEMISTRY

B INORGANIC AND ANALYTICAL CHEMISTRY

B PHYSICAL CHEMISTRY (INCLUDING SURFACES UNDER HIGH
VACUUM

B THEORETICAL CHEMISTRY

B COMPUTATIONAL CHEMISTRY

H BIOLOGICAL CHEMISTRY (INCLUDING BIOMOLECULAR
CHEMISTRY)

B MEDICINAL CHEMISTRY

B CHEMISTRY OF MATERIALS (INCLUDING POLYMERS)

B CHEMICAL EDUCATION

B ENVIRONMENTAL CHEMISTRY

B ELECTROCHEMISTRY

B INDUSTRIAL CHEMISTRY

B NMR AND ESR SPECTROSCOPY IN CHEMISTRY AND
BIOLOGY

H SURFACE CHEMISTRY (INCLUDING WET SURFACES AND
COLLOIDS)

B PERSPECTIVES OF CHEMISTRY FOR THE 21ST CENTURY, A
YOUNG SCIENTISTSO VIEW

,11/T2AD) NN
NNANN 7¢ 65-N DI1'D7 72'NTN7 NTADNN NIARNA NTVIIN
7¢  UINN DI9N[72  DU7N! WK ANDT7 N7RIY
N'NIDN NINOAY T7NPN! DADN .2 |INI3-|2 NV'DNAIINR
NIYWN NOX!' DD JWI7UN 78D NRAZ71 DD 781
Cambridge NU'DIAAIND DIYINN DA 74U NN7WUN
[I'T 71721 NN .0'D01N D'NINTIA DIYTN DI 072182

i



NPT NYINWH NNaNn 019
L™ IWN NWI

MIWNn DNON DX FIYN D7 NIZRWWD nNann
NN Y Yanm7 7071 an7 YRD DNI09ND7 qniwna
(PX'1 1202 ,NUY 1D DYHNT NFZNHNY DAYTH 015N
DN O7WIN DINN]L QDIWRI NN NAINN Vg
AXHNA DPRDIVID 7NN 'D'0] VT NN DI TINT
NPIRID DWW 7013 270N D770 NNona L7NInn
TODINA NIT'VON NHNXYNT DY NNZI77I00 TVYSI7017'0
N7 7YIN Axn1 NN7IF7N AR an
TO7ID NpIWr-NYYnNn DNWN WX DTON'7ID
019N 1NN YW IN7¥D NNANNT DY DYDY DI
SNV OM7I0HNN D79 N0 NIWIN NDAIN 7907
DNIFN I'N1 NF 'YW DYATA TN IN-DD VAR
N7 0I7O-AN NN TN AIWNN XY N2
¢ PAZIN 271D NY7TNMA 1987 TIWA (0T YNy
Ty e meya (ETHY "nan'7ion7 '7a1on (1onin

YUaan NP0 DF'RYD NMaM?  DNLNN NN -

nviaiish]

7WIN 0IWN MW7 D7 R NNann 019
DAWN N7 DNPNN 7Y NM7INA Y'aNiY71 107 0NI0DND7
DION 7V NNMSN DIV I DIDN LFYIN A¥DI NNOT7
LPDD7 V7RIWN NNaNn 7@ NN

International Union of Pure and Applied Chemistry
Environmental Chemistry Division

Workshop on: Atmospheric Deposition and Impacts on
Ecosystems
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va — The largest pharmaceutical company in Israel.
ov Shkolnik, Editor, Teva’s Home Journal.

Teva is the largest pharmaceutical company in the country, with
annual sales of over a billion dollars.

The chemical unit in Teva is involved in the production of the “drug
substances” which are the biologically active ingredients. A large
number of drugs are produced, ranging in quantities from a few
grams to hundreds of tons, and in prices from a few cents per gram
to thousands of dollars per gram.

The R&D department employs about 130 scientists. They work on
generic drugs, from the laboratory stage, to pilot scale and full
production. The first drug that was originally developed in Israel is
now in full production in Teva. It is the Copaxone, used for the
treatment of multiple sclerosis. It was invented at the Weizmann
Institute by Sela, Arnon and Titelbaum.

A new plant was built recently in Ramat Hovav and is involved in
treating waste streams from all the production plants. It also houses
the largest and most modern analytical laboratory in the country

atter of Chemistry” — An Ongoing Interactive
ibition at the National Museum of Science

The exhibition focuses on different aspects of chemistry. The
various exhibits demonstrate that chemical processes control many
of the phenomena we encounter in our daily lives. The taste and
smell of food and beverages, the variety of colors in fabrics, the
operation of television and computer screens, and the cleansing
action of soap—are but a few examples of the central role of
chemistry in our world.

The interactive exhibition, was produced by the Israel National
Museum of Science and the Technion, to mark the Technion’s 75th
Anniversary and to celebrate the International Year of Chemistry.

‘A’hemistry and Science' in the Weizmann Family
el Allingham-Weizinann

A rare picture from 1900 shows Ezer and Rachel Weizmann
surrounded by their 12 children, in Pinsk, Russia. The writer, a
chemist who worked at the Weizmann Institute until her retirement,
tells the story of her aunts and uncles and her father Yehiel. Out of
the 12 children, only two did not get high education. The first born,
Feivel, had to help his father, from very early age, in his work in
chopping wood, for the survival of the family. Miriam, the eldest
daughter, was married and had children, when she was still a
teenager. All the rest got to be professionals - 3 chemists, 3 medical
doctors, 2 engineers and 2 teachers. In this summary we'll tell only
about the chemists.

The most famous one was Haim. He was a very active Zionist
leader and became the President of the Zionist Organization, and as
such was very involved in world politics. However, he was also a
very well known chemist and a pioneer in biotechnology. He
invented the process for the production of acetone and butanol from
starches, using a bacterium, which was named after him. He was
also instrumental in the founding of the Hebrew University in
Jerusalem, and became the first Dean of the Faculty of Mathematics
and the Natural Sciences. At the same time he also built the Daniel
Sieff Research Institute in Rehovot, which later became the
Weizmann Institute of Science. In his latter years he was elected as
the first President of the State of Israel.

Moshe, who studied chemistry in Switzerland, became the first
Professor of Organic Chemistry in the Hebrew University in
Jerusalem, and was the teacher of many of present day Chemistry
Professors in the country.

Hannah, studied chemistry in Switzerland, but had the misfortune,
of going back for a family visit and was stuck in the Soviet Union
for a number of years, until her brother Haim managed to get her
out. She then became a scientist at the Sieff Institute.

Yehiel, the youngest, although he was an agronomist and not a
chemist, had an impact on chemistry in Palestine. He became the
first representative of ICI in the Middle East, and helped spread the
use of fertilizers, insecticides and herbicides in the whole region. He
was also the father of the present President of the state of Israel,
who was named after is grandfather - Ezer.
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Quasi-periodic crystals - from discovery to
mmercial applications
2 hechtman, Faculty of Materials Engineering, Technion
(Israel Prize winner 1988, Wolf prize winner 1999)

Quasi-periodic Crystals (QCs) are unique in their atomic structure,
a fact that intrigued an enthusiastic scientific community for over a
decade. In addition to the determination of precise atomic positions
in QCs, a challenging task by itself, the naturetof defects and
interfaces has also been researched. New materials with QC
structures have been discovered in unrelated metallic systems, and
structures, which in the pre-QC era were labeled "complex", are
now well defined. In addition, as new materials and large QC single
crystals became available, there has been a dedicated ongoing effort
to determine the physical properties of QC. These properties depend
only partially on the atomic structure, and other factors may be just
as important. Thus the physical properties of QC in many cases
resembles these of periodic intermetallics. In several cases,
however, the physical properties of QC were found to be unique,
and thus carry the promise of commercial applications.

vel Chemistry of the Super-Iron Battery
t Licht, Faculty of Chemistry, Technion

A new class of light, environmentally bening alkaline batteries,
based on iron, stores 50% more energy than alkaline batteries that
are currently available commercially. The common alkaline
batteries, used in consumer electronics, contain a zinc anode and a
manganese dioxide cathode. The new battery replaces the
manganese dioxide with an Iron (VI) compound, such as K,FeO,, as
cathode material. As each iron atom is missing six electrons, it is
capable of storing unusually high quantities of electricity and will
result in reduction of the size and weight of the batteries. The
chemistry of super-iron batteries, including organic media batteries
and rechargeable metal hydride batteries has been reported recently
by the author.

Tadmor, President Emeritus of the Technion

Zeev Tadmor is Distinguished Professor of Chemical Engineering
at the Technion Israel Institute of Technology. He is President
Emeritus of the Technion and currently is the Chairman of the
Board of the S. Neaman Institute for Advanced Studies in Science
and Technology at the Technion. He has received his B.Sc. and
M.Sc. degrees at the Technion and his doctorate from the Steven

Institute of Technology in chemical engineering. His main research
interests is polymer processing, and his main contributions are in the
mathematical scientific formulation of the polymer processing
operations that compound polymeric materials and shape the
compounded plastics and rubbers into useful products. In doing so,
he helped convert the embryonic engineering field of polymer
processing into a solid engineering science. He has published
several books, numerous papers, and received many patents in this
field. His other interests are national public policy in science and
technology, engineering education, and university history,
management and organization. Professor Tadmor is a member of
the Israel Academy of Sciences and Humanities and the National
Academy of Engineering of the United States. He received an
Honorary Doctorate form the University of Bologna, and numerous
prizes, among them the USA Society of Plastics Engineers (SPE)
Extrusion Division Distinguished Service Award. the Fred O.
Conley Award for Outstanding Achievements in Plastics
Engineering and Technology of the SPE. He was inducted into the
Polymer processing Hall of Fame. He also received the Rotary prize
for Outstanding Contribution to Higher Education in Israel.

The Casali Institute for Applied Chemistry — An
pplied S cientific Challenge

im Garti, Director of the Casali Institute, The Hebrew
University, Jerusalem

The Casali Institute of Applied Chemistry was founded in 1972 with
the idea of training master and doctorate students for work in the
Israeli chemical industry and engaging in basic and applied research
and development intended to promote the chemical industry in the
country.

To achieve these goals the curriculum was designed to include
interdisciplinary courses and various subjects such as economics,
business administration, chemical engineering and project
evaluation. All the research projects of the students and the faculty
were also industrially motivated.

As of today, about 150 Ph.D. students and 200 M.Sc. have
graduated from the Institute. Many of the graduates hold important
positions in industry and academy. The researchers at the Institute
are encouraged to protect their inventions by applying for patents
and indeed more the 200 patents have been issued. Some of these
patents are being used in actual production. The academic staff are
also active in leading industrial research in various companies and
act as consultants for many research and development
organizations.
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METROHM APPLIKON

Eco Chemie

+ Potentiographic titrators + On-line process control

¢ Karl Fisher (Hz0 determination) + Potentiographic (mV, pH)

+ pH Meters, Conductometers * Photometric

* Burettes, Dosimats ¢ Karl Fisher (H20 determination)
+ Voltammetry

¢ lon Chromatography
¢ Photometers, Rancimate
+ Electrodes and lon Selective Electrodes

MALVERN

+ Particle Size Distribution of wet, dry and aerosol
material from 3 nm to 3500y, Laser Diffraction and
Acoustic Spectroscopy in Lab and On-Line

+ Dispersion Technology - measuring Zeta Potential

BUCHI

» Rotary evaporators from 20ml to 50Iit

+ Vacuum Pumps and Controller

+ Kfedahl - Nitrogen/Protein Determination
¢ Soxhlet; Fat determination

* Mini Spray Dryer

¢ Preparative Chromatography up to 40atm
+ Melting Point

* Drying oven

+ Modular Electrochemical Instruments

* Voltammetry

+ Chrono-Amperometry, Coulometry, Potentiometry
* Corrosion

+ Impedance Spectroscopy

ISL

+ Automatic Petroleum Testing Equipment
+ Distilation

+ Flash Point

+ Cooling Properties Testing

+ Viscosity

¢ Lubricant Testing

LYSSY
+» Gas and Vapor Permeability Testing

34 Kibbutz Galuyot st.
Tel-Aviv 66550
Tel: 03-5187555, Fax: 03-5187575
E-mail: golik@inter.net.il
Intenet: www.golik.co.il
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