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Hydrogen, the simplest element as its atomic

) ) ~ MY periodic table ! el
r?umber is1, _was produced very early in the - Iﬁi Be :: g 2 g glr:: Hydrogen atom (H)
life of the universe. As compared to the long - '

Light, ever-changing, and sociable

H is composed of one proton and one electron. The element with single electron is unstable and rarely exists

The atomic symbol H stands for the

history of hydrogen itself, humans discovered it Latin word Hydrogenium, which means

) N 2 on its own in nature. Hydrogen is easily ionized to become a cation or an anion releasing or receiving an electron.
only 250 years ago. Since then, we have found water generator.

H H . . e electron One proton
The first atom in the universe that hydrogen plays an important role in many a0ese ™ -
In the first three minutes just after the birth of the universe, the i X Hydrogen Cation ( H+)
ultra-hot universe rapidly expanded and cooled, and then protons occasions, leading to the development of new uses. o .. : .
and neutrons were created. This is the birth of protons, that is, ) ’ . ), I HYdrlde or q}é‘,’\( L Detemllnlng the propertles of solution The Earth is also called the
hydrogen nuclei. 3 - 4 millions years after, protons caught Let’s explore the pOtenhaI Of hyd rogens future together. f hydrogen anion (H-) é\“’ B |cciron If an aqueous solution includes many H*, the solution is “water planet.” Almost all
electrons to form hydrogen atoms. Hydrogen produced in this way H90% Atomic ratio . acidic and the pH is less than 7. In an aqueous solution, H*

hydrogen on the Earth exists in
makes up approximately 90% of all the elements in the universe. Large as oxygen

In 1766, the British chemist Henry Cavendish discovered that ‘g < \ exists wit Ywater o ecle i the form of H3O™ (oxonim the form of Hz0, Hydrogen cycle

i ) H~ has a large ionic radius because of the ~0lnm* o ___ions or hydronium ion ). involving water should be
Supercond ucthlty with hyd rogen Energy source _ - a flammable gas, “hydrogen,” was produced in reactions repulsive force between its two electrons, ’ § H* is also used for cancer treatment as proton beams achieved to realize an ideal
Inside the planet Jupiter, hydrogen itself is predicted to be Approximately 85.% atoms of Thg sun are hydrt?gen. Inits NUCIear fUS|On Of between metals and strong acids. The year 2016 marks the and it easil}/ gives electrons to other atoms. -5 generated by particle accelerator. hydrogen society
superconductive. The ultra-high pressure inside Jupiter reduces the core, nuclear fusion occurs, which forms helium hyd rogen in the sun 250th anniversary of the discovery of hydrogen. Novel materials such as superconductors 5

distance between the electrons, and makes the electrons to gain nuclei from hydrogen nuclei. Energy released designed to use the property of H™ have év \

superconductivity with increases pairing interactions. from the nuclear fusion reaches the Earth as recently been receiving much attention. T~

light and heat.
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Practical application of CO,-free hydrogen mass production
technology, such as photocatalysis, in which hydrogen is

generated from water using solar energy, is expected.
@ a prism. This is because hydrogen in the sun absorbs the MOI.eCUIar hyd rogen (HZ)
molecules D P yerog The lightest
- 1 k\' 5 particular wavelengths of the light. Detailed studies on the e lightest gas,
S Pt Positron. . 2 q
S w ﬁogggc:r\]/e liquid . ‘,J Isotopes Of hyd rogen L J ® intervals between the dark lines clarified the atomic I will play a Ieadlng part in future energy QH o 02 ® H {d Q N Falls to
~—— eSS ® Hydrogen having different masses Deuterium L structure of hydrogen and led to the establishment of B hTzV° hydrs‘geq_:l"roms Z"‘f;“b('j“e W'ﬂ"" e::h °Thfe'" T‘fr m“kT ThT moleculgy i Light Od >\(\° ’&(\O @\e ol g
Electrons can move . ) nucleus % quantum mechanics. Because hydrogen is the ydrogen H2. The word ‘ydrogen” oTten refers fo molecular v \q’b 4 0 Q}q’c the sea as rain
around freely. More than 99.9% of the hydrogen isotope on the simplest element SRR L hydrogen. Hz is an odorless, colorless, stable gas at ambient @ o - - Y S \’\ (\6
AN e lDerconductdl %P eo Earth is 'H, the nucleus of which consists of only Helium-3 nucleus " P b P bp g temperature and pressure. Hydrogen gas is a clean energy carrier Electronhole  Electron x© ’ S & " " ¢
’ peratu upe u co°°°°° one proton. 0.01% of hydrogen on the Earth is theory and experimen! QR because it does not emit carbon dioxide after combustion. Photocatalyst TiO2 ¢ 0 ’
IS no Iongera dream? deuterium, 2H, the nucleus of which consists of one N ”
In 2014, hydrogen sulfide was found to become a proton and one neutron. There also exists trace amounts of Electron orbital L 5 Is H2 flammable * 0.074nm
SUPef‘CO"?Ll'CgOf" 'TT approximately 70 © C under an ultra-high fritium, 3H, the nucleus of which consists of one proton and of hydrogen D Hz will readily burn if it is mixed in air at a concentration of only 4%. w De,C,O“\ Then rises to the
pressure of 1.5 million atm. veretirens! . . { N, > ) Because Hy is very diffusible, its flame will not expand over a wide area; @ atmosphere as
As of 2015, 'ﬂus is the unbroken record for high-temperature Tritium nunucleus & Energy gener‘a‘l’ed by nUCICGr' fUSIOn Soe " , rather, it will form a harrow column that burns out in a short time. Hp will Hydr‘ogen S ceaeeaoa- . eloctrons to wa‘rer‘fmpor‘
SUPZT'COHdUC;'V'TY- ooy A s~ not burn if the hydrogen concentration is too high (more than 75%). BN combine hydrogen
under ambient pressure under ultra-high pressure --¥---7 B R e L R T Py ! O .
Hydrogen Superconducting mechanism Photosynthesis, in which light energy is converted | " The Bohr radius of hydrogen atom is 0.053 . Since the -, Store hydrogen /S Oxygen Liquid
sulfide 7 involved in hydrogen sulfide is . ) A . Japan's second most hydrogen +  orbit of electron around the nucleus is not sharply defined, the Hydrogen is a very bulky fuel, because it $ xY9 @ >
; g Photosynthesis, carried out by plants using light energy, produces organic matter such ; . ; : : 5 ) . ' NS} hYd rogen
under investigation by tion f dust . size of hydrogen can not be defined uniquely. L. exists as a gas at ambient temperature and 0 O 2
Cause of the smell ; as starch and oxygen from water and carbon dioxide. The resulting organic matter is cunsumptyion Tor industry. £ N e e . ; 3 rocket
. researchers worldwide. To load hyd t 4 Air electrode Fuel
of hot springs the only external ilable to all animals on the Earth even tod Nitrogen, N, i lement pressure. 10 load ydrogen info a car as a (y-©
. 'y external energy source available To all animals on the earth even To ay. ITrogen, N, 1S a necessary elemen = . (] ZIQCTr‘Ode
for growth of plants. Nitrogen Convert ||ght energy fuel, it has to be compressed to about :
Water il CamO molecules, Ny, in air are converted into electric energy Convert electric energy 1/1000. Use electricity
H,O ng t |® @ to ammonia (fertilizer), which is a

produced by hydrogen

nitrogen source plants can easily
use, by a reaction with hydrogen
(the Haber-Bosch process).
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: e h)’dr'ogen from . T T m—-e - - - - T\_ _ - The smallest atom, hydrogen, can get into spaces between

MMmonia is under deve\opmf P 4 molecules and atoms in various materials.
-

" ! _ - - 7 /1 . . . Hz
. g \ =P s +  Atomic hydrogen (H) is more stable than molecular hydrogen (Hz) inmetals = __ o9
Orgar“sms are fUII Of hydrogen * N \ -~ , 7 / such as lanthanum, titanium, and zirconium, where hydrogen atoms get into The volume 0 .‘ ' Split Hp into H
Hydrogen is the most numerous of biological constituent \ , 4 y 4 spaces between metal atoms. If the distance between hydrogen atoms is very increases by '% to get in.
elements; more than 60% of the atomic species by number is N , ; short owing to the entry of additional hydrogen atoms, the space will not be 120% after 0 Cb
hydrogen. Based on the weight, hydrogen is the third, after oxygen \ \\\ D Typical composiﬁon , 4 / filled and remain vacant. Using such properties, hydrogen storage materials to h_yd_r‘o_gen gets in. /@, . <
and ca‘rbonA Hydrogen 'ex15Ts .as w.a'rer',' WhIC'h ac'coun‘rs for about of coke oven gas. , / store and release hydrogen have been under development. Neatly aligned = A Hp is released
two-thirds of a cell, and is contained in various biological molecules such as / , 7 Distorted O: etc. after break.
BBl DNA. From coke ovens, in which coal is pyrolyzed at a high temperature to produce , d / . . . . Aé’dr-o .
10% q‘ o () f the coke used in the iron-making process, 8 billion m® of hydrogen gas (at 1 / / Medical dlagnOSIS with hydrogen % '
A person weighing 60 kg \ %O | atm 0°C) is produced per year as a by-product. Therefore, coke ovens are 4 /' Household fuel cell An MRI produces cross-sectional images of tissues of the body using Qs'and.
contains about 6 kg of \ . %0 | \ attracting attention as a source of hydrogen. , ’ / the nuclear magnetic resonance of hydrogen. Water and fat, which -
Atomic ratio hydr‘ogen. 2 3(// | \ 7’ / (ENE FARM) contain high ratios of hydrogen, are bright, and bones and teeth, Breaks steel materials
Guanine, N ‘% V 7 / U re] d which contain almost no hydrogen, are dark in MRT image. Hyd . ial d %
H 'Q \ S | P rOd u ce a nd y 'Se narural gas an lydrogen in mafarla s tends to
H A=A \ Oo;_‘ : Refinin l fuel cells Q gather at boundaries. The
BI'Oken and I'ejOIned bonds \ % | g _ co s H-O D materials become brittle from ‘
DNA is the blueprint of life. "hydrogen v I — =€ 2 o such boundaries and will break or ‘A
B e making the poirs of the ‘Z Hydrogen bonds %\ % | 7 Hydrogen gas e )J He o e tuts crack It is called hydragen
adenine-thymine and the guanine-cytosine in P Because hydrogen bound to 5\’9 ‘2 ! %ﬂ o Hz0 Q \ | ‘ embrittlement.
DNA. In daily vital activity, bonds of the DNA oxygen or nitrogen assumes a7,V X [ N7 e T T > 3
double helix are repeatedly broken and rejoined slight positive charge, it tends fo ’é\ \ S ! Dq CHs -y n Q)
for replication and transcription. Moderate bonding form bonds with slightly negatively Eq o,/s\; ! N ' N H : ti Oz ] dh
of hydrogen bonds supports life. \ \7 charged atoms such as oxygen and G(‘) v R ! W N eating
N nitrogen. 2\ % | D Q J_J Produce hydrogen from natural gas and water. 11111
R Sy 2 | Ah // Most hydrogen gas currently used has been (I
h bol‘) " % \ \9% 1 W produced by reforming natural gas. . |—|—|]—|_—[|-|—|
J Mitochondrion @ ‘ %\\ % : %ﬁ E : ! A .
: =2 I - - - - -
' cll (= Outside of membrare WA @y ® vz | ot T / It is difficult to observe hydrogen in materials.
(higher concentration of H S\ o | o iriess lovalisr i S / _ I . R
/ ’\ Fossil fuel enerayv also =4 | apans most hydrog Observation of hydrogen requires accelarator-based cutting-edge technology such as neutrons and X-rays,
— Rotate by a ay 3,2 consumption for industry. . .
membrane flow of H*, Orlglnates from hYd rogen © , || ) o Neutrons, which have no charge, pass through Observe with neutrons 0 Observe with X-rays X-rays, one of the electromagnetic waves (light),
\“ \ Oil and natural gas, which are indispensable \ - ﬁecrir:gvee:‘mpurmes by electrons and interact with atomic nuclei H ® 0 l-li ! (g interact with electrons. Although atoms having many
\ q to our life, are made from dead plants and | | )|l.| 59 Q NHs (scattering). Neutrons are readily scattered by 5 ° C° ° 0 (o™ o :j electrons can be easily observed with X-ray beams,
< Inside of membrane @ animals that have been decomposed and \ . O szulfur . hydrogen nuclei (protons). In other words, . < = Y ™ { hydrogen, which has only one electron, is difficult
From B Heonechitration of H*) altered over tens of thousands of years. It is \ ‘ . Nitrogen neutrons make it possible to observe hydrogen. 0. - He = U*——O to observe. A hydrogen cation (H*), which has no
gastric @ problematic that combustion of fossil fuels A Hydr'ggen easily make a However, electrons cannot be observed. Position of lei 0 0 ’ - electrons, cannot be observed with X-rays.
®® eXP::;‘:ZGL‘ Cf“:T ADP releases carbon dioxide, which is a major cause X chemical bond. osionlolgheticiy lectron density map
L of global warming, is released by the combustion In a hydrogen society, contact between hydrogen and other materials will increase. Hydrogen easily penetrates into materials, and brings
the stomach. Proton pumps that prOduce of fossil fuels. Also, the supply of fossil fuels v ! abou’rzigni?‘icanf inleence on the maTer‘ial); pm?per'ﬁes, even for a very low concen’rr‘aﬂ);n ofg 1/ 1,000?[0%0 (1 ppm). How can we detect suchga
Gastric acid is also concentration grad ients of H* will be exhausted in the future. minute amount of hydrogen? How does hydrogen affect materials? We must face the challenge of the forthcoming hydrogen society.
produced by the proton In cells, many reactions driven by concentration gradients of H* across Visit our website to learn more about hyd | Production and Copyright: Ministry of Education, Culture, Sports, Science and Technology ’
. . . . ydrogen! . ) : . p : - . . . . -
r'nehmbr':n:s (o:;:; A reaction Ipr'oducmg the cellular energy unit, adenosine http://www2.kek.jp/imss/education/hydrogen/eng Planners and authors: Toshiya Otomo, Noriko Usami, Madoka Mochida, Hiroko Ohshima (Institute of Materials Structure Science, High Energy Accelerator Research Organization) .-
triphosphate , is an example.
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