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g TERPENE BENEFIT AROMA

g Al fl

= . nti-inflamatory

s illner]lce di Anti-bacterial Pine

] 'S0 found in Bronchodilator Earth

2 pine needles Aids memory

2

[0)

3

8 .

e Myrcene Sedative Flowers

] Also found Sleep aid Pungent

8 in hops Myscle relaxant Earth

g

Pl

<

z Limonene Treats acid reflux Citrus
Also found Anti-anxiety Fresh snice
in citrus Antidepressant p
Terpinolene Analgesic Pine
Alsg found Pain reduction Herbal
in coriander Digestive aid Anise

Stomachic Lime
. Anesthetic Flowers
Linalool Anti—convulsive Lavender
Also found Analgesi Cit
in lavender naigesic s
Anti-anxiety Fresh spice
. Calming aid '

Terpineol Antibacterial PI_easant lilac
Also found Antiviral Citrus
in mugwort Wood

Immune system

Caryophyllene Anti=inflammatory

Also found in Analgsic Citrus
black pepper Protects cells lining Spice

pepp Digestive tract
Humulene Robust
Also found Anti-inflamatory Herbaceous
in basil Earth
Ocimene Decongestant .
Also found Antiseptic \C/:\I/t(;gzy green
in thyme and Antiviral Tropical fruit
alfalfa Bactrericidal

323, 013 Al2 20| H2H| £5 1 &34 (001X SX: PHYTATECH™)
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isoprene a-pinene B-pinene A’-carene d-limonene camphene myrcene
e
P |
B-phellandrene  sabinene a-terpinene ocimene a-thujene terpinolene  r-terpinene
J3 4. st H2HO Z29F T 114 (0]0]X| £A: www.google.com) '

BEFJ EEGStEMGS 0|23t Quf-I|uio] £H ZX 51} 24
S5 i Algke] A2E %5 Al 34 o] S G HATE, HIURE, sleep)2t 71011 w(zt

S, BERE, awake)Z 2T = Ut} U= TA WSHREM sleep: rapid eye movement
sleep)T} H|(JE)-F5H(NREM sleep: non-rapid eye movement sleep)2.2 Wiz 5= Jtt. LI} H]-
A SA A Yehs SRt Aol H2 T o]0l & = AU, 4749 H AH B9t dojuh=

O] A oIk, vl P Aol -9 22 Yol =l vl Fad Sl v #eE SF
e H-FLH o FREE Y 9= 19539 vl=9] gHlE BKWilliam C. Dement)ol] 2
3 A AAE AT Y] A FEoHE 71E02E IA 371 Wilo] A1t A MAl: HE 54
I e ) BRo] A=E FAste] AFA RS0 TN IE 714 AeE SHske Aeg, o] W
WA (R, EEG: electroencephalogram) 2t 20}, HAEof|A Z7g5la] YehfjE ¥ o] &5
HAZ7L A7 = A71H ASE Hui§, brain wave) 22l FE2H, Fo]ojjA] HutE SHot=
AE 7192 19379 vl=e] Fux ¥halAlfred Lee Loomis)7t A& /gt HAE 242 41 9AS
TEShe 71EoR 7MY gol 290t Huke 1 Futepe} X12%o] net dukalpha, @), MEHbeta, ), D
(delta, 3), AEKtheta, O} Y] SF= W, ZH24e] Hukz = Aefof whet th=A vehdot (719 5).
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BRAIN WAVE CYCLES
Wy
,| || ||| “ I‘ I GAMMA 40-80 SUPERCONSCIOUS
|1 m'l" tl cycles persecond  Highly attentive states of consciousness and

perception. Involved in higher mental activity and
the organization of information.

BETA 13-39 CONSCIOUS
cycles persecond  Fully awake, alert, ordinary reality (OR).
Functional in the 3 Dimension & Middle World.

ALPHA 8-13 SUBCONSCIOUS
cycles per second  Deeply relaxed. Light hypnosis, meditation,
biofeedback, daydreaming, just before & after
sleep, mystical state, listening to music, watching
a movie.

THETA 4-8 SUPERCONSCIOUS
cycles per second  Drowsy, tranquil, unconscious. Light sleep,
shamanic journeying, access fo the 5" Dimension
and Non-Ordinary Reality (NOR), the upper &
lower worlds.

DELTA .5-4 DREAM STATE
cycles persecond  Deeply unconscious, sleep. Astral traveling,
dreaming, visiting other dimensions.

=+ 3

]
=

nnerpnzes.com

O3 5. FI0f 2 ChA|0f M2 Hute| Z2 EX (0|0]X| £&: www.Drakeinnerprizes.com) '

20 2= ZZ10] &5 9(action potential)E A|lZL]H(extracellular electrode)& ©]-&-5}0]

2ol AT (R, EMG: electromyogram)O|th. 24T £l A48 ol ZZ Z(skeletal

E 597t Bk A7, 28 Ao AREET mRAg o R Qb A9 YEY= A 71415} QF
TA = ((RERENE, EOG: eletrooculogram) E3t o]- %It} o] Al 7FA] W (17 6)& Zgsto] 24
S = A 5% Lojubs etk 4l Halo] tigt JEE A9 tiFE dobd 4= .
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Electroencephalogram Awake REM NREM
:; EEG)=brai
{ )=brein waves Electro-Encephalo-Gram for brain activity
EEG  ~ncmim e AR
(< Electrooculogram
e (EOG)=eye movements
@ Electro-Myo-Gram for muscle activity
: EMG M  —— e

Electromyogram
(EMG)=muscle tension
Electro-Oculo-Gram for eye movements

e —

EOG

A ST 59 TAL A B0 0)-FSU0R L 5 T, AglH BFH O A4
& AR SHAREY 25%, B]-B4HL 75%E AR FeiA ek S Blo] 2 HASE W ol
LR, of @l uhe] ALt 7t B A AR FiQlEE, ApEE whe: oA Lhehdct. o))
3 49 A9 WS Uil 218 524 (Sleep Hypnogram) ole die (13 7).

Awake
~—— REM sleep
Non-REM stage 1

Non-REM stage 2

Non-REM stage 3
(formerly stage 3 & 4)

11pm 12pm Tam 2am 3am 4am Ham B6am 7am
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P B FE 5 FH2 7o) Sl Ao 77k @2 sHolH, QFe] w2 5ol oaf
8 U9 g dAoltt. F4H 19509 oA FA7|(Eugene Aserinsky)?t Z2to] ETH(Nathaniel
Kleitman)ell 9Jsf Ao]=|3lct. e Aol Yehhs Huho] o2 ZM3de Y wet vlsotA F1Zo]
A3 Fuperh E B4 Helrt o] ©AE 79 Zo|7t 2 JHE SEET} B9 o] FtekL o
7% Hrk. 9 282 o] AEHA £ SA 0] YojubA] gt B e AV IR 5 B
2, o] OA| Bt = FZ ol Y 50| B A LAXE AIZA A2 ST A7t
7% gt ARl FLHe gubA o g F £HO| 20~25%2 WAYSH, HEAIZE £H O] 90~1208 F&
oltt. BE ¥ 1 Bt Al 53] 5¥9 A AE AEeic) A ke yoloh FE s
ofoli= & =1 9] 80%7} H4=Ho|c}.

@)

A 250] FEEA| O vl-FeHE Huke] S0 w48 A = vtk 19l 9 o] S T
=, o] 9] Hub= Yupuphch ks T LRI AEL o 2 FE R v o] P9 Huj= AlE
et EU A& AR B 5~10 Festal dEA Qi & ¥R Bl § A2 s Tk o
Az, B2 F2A Q1 thl/d o] Huhrl ARttt o] &2 FE|9] Huh= G W (sleep spindle) 2Hal
St E3 o] YA oAM= K E3H|(K-complex)2ty E&|+& Huprt Yebr| & gict, 1 Wt oy
o2 Yehfu, K Bl 43l o= AAYHA Ythts 1Fo] 2 HuE 7|7t 294 v]-d4H
& o] 202 A= AEEHH 2 A= AR AN ARk HIFo] 40~45%% 7V & °] BA &
23t AaterE A S| Wel7ha A o 212 o] BA = szttt nhA|et dA o)A = Huke] F5F 5
A 7P} FapErE Le]al AEZo| 2 detuby) TEE o] dAE Aut SH(SWS: slow wave sleep)o]2t
gt (C1E8). o] DA 7P A2 ol UL WE, T2 A AFES A2 HIRT FH A o=
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Drowsy (8 to 12 cps) alpha waves

A A o Mg o A i

=
Stage 1 (3 to 7 cps) thela waves =
Theta waves w2

M‘WWWWW@W

Stage 2 (12 to 14 cps) sleep spindles and K complexes
Sleep spindle
——

K complex~y_

Stage 4 (¥ lo 2 cps) della waves

REM sleep

AW U AW A A AN S AN A A

J3 8. +H HA0| ME HIo| B2, H|-2H A0 A= TS IR (MEHT ~H S, K-S8A|, ZEMQ|
L|It7} A (0]0]X] X : Koeppen & Stanton: Berne and Levy Physiology, 61 Edition)

gut-mjdlo] pro A o] T2 2005 L& ARl o Az A= U=, 98 FHoll dut-mjtl
o] 71E TA R ], ALHY A& AlZksleep latency)o] ZojA= AL FAFP. E3t HT 97
uzte] dtode AE Aol A dub-mule Foidt 23, W2 E= (25 mg/kg oMolAE A
82 HAoH, £2 5k (100 mg/kg)ollAe Hl-dd AlZto] S7ishe did A3 vehdi it
9. ol avh= AA| AAIAIZ o= 71 o] ol Al 1 d(zolpidem)E Fo3t3E Tol L
ERRTE o714 SrlEe AM EMHo] B¢ e Ay vl-deHe] g YEle Hl LEft
(frequency range: 0.5-2.5 Hz)9| 242 A oH, up-ujull deho] A3 glo] sH/id avs
et ik 17 9).
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A B NREMS
100 &
5 7 Control :Zolpidem (-)-a-Pinene 75 %
NS " n <
a1 ™ |—| r\ % 50
= * E
g 3 4 - % ok [
> i 2 0
8] =
< 7]
o 21 < Wak
< g 150
g -
8 17 S 1001 |m L
2 €
0 - H H 3 50
i i £
Pentobarbital ~ +  + + 4 < 0
Zolpidem (mg/kg) - - 0 10 = F W 3 Vehicle + = 4+ = + = 4=
. Flumazenil (1 mg/kg) = = =+ == =4
(-)-a-pinene - - - - 125 25 50 100 100 ()-a-pinene (100 mg/kg) — # =+ == ==
Flumazenil SO | - 8 OB S OB L8 Zolpidem (10mg/kg) = = = = =4 =4
C *==* Vehicle === Vehicle
= (-)-a-pinene (100 mg/kg) — Zolpidem (10 mg/kg)
Delta activity Delta activity
10 (% of vehicle) 10 (% of vehicle)
K 150 150
28
25 100 {4~
€= 5 5
= 50
=2
& 0
0 - - ; ] 0 - - - > ]
1] 5 10 15 20 0 5 10 15 20
Frequency (Hz) Frequency (Hz)

T80, UT-TIHO| A2 23, AT AT0| T ot Q0] H-H0 ARIS 52| A7 SIS LIEHICH

El
(A ST AT-TJHA0| TEAE B. LIp-TJH0| -2+ H ST C. Y- HT} S| EH0| 0[x|= Fe)

oo

A £ A AsE sk A adks Su9Y A @ol 20l HotA|H(diazepam)
o] ASNE Yehdt}, olE $HAE nE & LA 7HH AF 28H(GABAA receptor, GABA:
gamma(y)-aminobutyric acid, (Z1% 10))2] HiZtjobA| 8 (benzodiazepine; BZD) F9lofl Zgtoh= =
AA|(modulator)Eeltt. Fut-mdle] A E37t Wizt opAld 84 S0l AsiA|(antagonist)?]
EFUHA L (flumazeni)ofl 9J8) gloiAl= A2 Hob, duth-uj¥le tjobA|Fa} Su] g} -2 F-9)of Akt

T MAES Yehle 2o siAE.
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GABA site
Agonists
Antagonists

Barbiturate site
Depressants (also ethanol?)
Excitants?

Benzodiazepine site
Agonists (depressants)
Antagonists

Inverse agonists

Steroid site
Anesthetics
Excitants?

Picrotoxin site

Chloride Convulsants
channel Depressants?
3710, 7HHiet HIACIOFNH SS Zelol= 7HIAY X9 it ZefR IS
(0]0JX] £X: Olsen and Delorey 1999. American Society for Neurochemistry)

BEED x| S3D 7|22 085 Yn-I|ul Xt87|xte| H7 |42 8 sHA

FEGE} EMG &4 53t 4 243} vl tjolA|" ~8A(GABAA receptor) Adf|A(antagonist:
flumazenil)?} Z&A|(modulator: zolpidem)E AF&-g+ OFe]SH#EHE, pharmacology)?] WHog dut-
ZJdlo] o] =gAof Agtsto] 1 ATk F7HN7|= Aol 1=l TR thd dut-1jdlo] GABA A%
T80 Aot oW 27t iAsk= 2717 0|9t 2 Aol Fot7] oA A7 82 chE R AR,
electrophysiology)?] F+0] @ a3}t

2718 stolek Ao Tt A712-83} AAIAY /LRSS %8 AFTFOR s Aefetel
3 Hofolch, 7 APTARS T AEIANE Aol Het 2e 24, A=t AFe] 0|27 o

Jotd, 38 S7ctke A2 AFE0lAY AL voltage)2t AR, current)olt}. A9 A
714 @A A7 o9t 2 SEI HHste] o= RE dEFeH, 17804 ogEore] Y (Luigi
Galvani)7} 7§72 Sl5h2]9] 50] A71A=50] 9Js] $5He Ao 11 EA7F et o7 SHEHA
t}. 1952¢0l= 9=9] AR S4]71(Alan Lloyd Hodgkin)Z ¥<|(Andrew Fielding Huxley)7l 24
o]9] At &AHgiant axon)oA &5 A 9(axon potentia)2} At ot HEENa+, sodium)T} Z

E(K+, potassium) 75 S (18 11). o] AR 2 1963¢0l 18l 2| ehdg TP,
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THT

T8 11, 5X71 & B152(E), squid giant axon2te] H2E7HOE EXE action potential(©) '

olzigt A7z sk 1970t Futol] £UQ] T8k} vo](Erwin Neher)2} A3 THBert Sakmann)©]
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AT E(post-synaptic cell) Z=8A4|o] Agoto] Z-gak= Ao goFst & 9tk (1 14). o3t 4l
BAGHYL T4 TEA A7 AL (excitatory synaptic transmission)Zt AAIA 4173 AR (inhibitory
synaptic transmission) 2.2 11 4= 9lt}. o] uf Bu|El i Al AAAY B4 TEAQ] ZEE o
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Action Plasma - - - -
Presynaptic potential membrant_e of . @ Action potentials arrive at axon terminal.
cel presynaptic cel

@ Voltage—gated ca?* channels open.

@ ca* enters the cell.

@ vesicles move to the mombrane.

Docked vesicles release neurotransmitter

by exocytosis.

Synaptic
cleft
<
e

Postsynapti
cell
1

F Ao] WEH S0l vopAl g 22 HRomu 84 2AAES 7HAE 840 2%
Sto] AAAHAHAZTHZ(PSC: inhibitory post synaptic current)2] HFSAI7HS 24| Sl= Z02 B
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g9l HekE Hehle IPSC W9 BRI = (frequency)®t Z7](amplitude)ole FFol JAH9 (1
15,16).

Neurotransmitter diffuses across the
sysnaptic cleft and binds to receptors.

]
]
]
@ ca®*signals to vesicles. ]
]
l
)

Docking
protein

v Net
v, bound to receptor

@

Plasma membrane
of postsynaptic cess

ii) Decay tau: O 2{0| X|5=& Z44| (exponential decay)dt M, XS 249l 1/e ~ 0.367879441 t{7} =|US TO| AIZHS tau 2t St
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AMIN ACIDS ARE THE BUILDING BLOCKS OF PROTEINS IN LIVING ORGANISMS. THERE ARE OVER 500 AMING ACIDS FOUND IN NATURE - HOWEVER, THE HUMAN GENETIC CODE
ONLY DIRECTLY ENCODES 20. ‘ESSENTIAL AMINO ACIDS MUST BE OBTAINED FROM THE DI SENTIAL AMING ACIDS CAN BE STRTHESISED IN THE BODY.
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Hljo]EE ofyz}, RHH oz golE= I FH7F e 434S 7IEer et 53] A3 I
(Structured dataj= 1€ BE=o] AFE = do8E Ju|sk=d], ol« HlolE7t BEZE 71 HolEol
A7 o] Qo] AEjet £4Jo] Bogt FEIE Wrt. ¥hd v Y HlolEl(Unstructured data)= ©1H]A], pdf

0, 594, 2HL, TS, AAFE F2=, 97]90A on] Q= JEE FEShe A2 ol dolth

5, A8 ore Aol A4 HJEE &30 & sl alt

ti7ie] v FdolH = 1 A0 wet Z2b7] o e, S8Rt I8l B g HEo] A
o] 37 HTHZ2 XMLoY HTML¥ 22 Hefd|o] e[y A7|nf 5-9] 9789 do]E 9] 37IA| 2 £-Fat7| =
Stch: http://blrunner.com/12).

123 Felrleo] HHoEE ARt SHolA ERsiEH AdHolee} ALtH olE & fo] 7hs3t
o AgHolH = A4S 33l FojXl glolE =, AR thefd whizoll F&8kst7|7F 4] gith &, A
3, A, YHE 5ol vy thFetar ok wf Aduict A2 Q1 A QIR E HStE= 715l
o] A% Batgh E= tEgs Agsto] -8she Zlo] dutalolnt. ol AlitholE= ALt AlEd ol
A 59 HE 7S S8 HlolHE &tk A¥7IHte] tlojg Kot 11 #|7} golsHA|eE, ARESh= A
AP 0] AbEs s EATE SRS 4 Jlths SA7E E5it dlE E0f A LA ARAAY
of Bt wloleRkS A3ttt thE 2] ARE FHot] s ARG Molecular Dynamics),
EH7IEE(MonteCarlo), 55t A% (Finite Flement Method) 59 thFst AARS $=9§3foF sttt = gl
+ AR E Atsiufofof sh= Fgo] &Rttt
HEo]ElE I3 th 7)) A Eto] HloEof 7|utst= ThE HlolE 9] 38 HIRet AA A B &
AA GA| - S5t HlolH 49 s o2 FHA 0l a7 st thAfe] ATAES A9
I} A4RE B U2 A AR AiFsolnt Mgk, BRI A oS Z3d a2 FAsHAY
¥ 7]5kAY AASh= Aol dRAo]7] diZolct. ey HlHo|BE 37| flsiA= 378/F82 ATE
w4 931, B Hlo]EEo] F2]Eojok sh, 2 HlofH 4] 7| ASks2 oAl HIEA] B sttt
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gldole7t 5845 o £2 2 U0t L E Wt opA|Rh Hopd R w2 2jo|7} Qlrt. AR ET,
Hlo] @, HESt ok At AAGA oA BAtEE= A7 9| o] g woug 7 {7 W5EIHE
SHAIH AR Hoks AE5H o R 22 toE NEE 53t #47} &g d&ay]of oba] 1 Ql4o] 4] &
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ool 9lo] &7k <F 5000TBY] 1|71 HlgolEl(raw data)7}, @ ¥ HofoAE 7k oF 20GB2] v7Hs
glofEl7}, 121l @ #4] Fofoll A o|u|A] AwE ZFste] 7t oF 100TBY W7k Blo|8|7h AY4te] 1
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QUelel SREL Yohat Hole JREEE Holgl A4l FBT, AFAL HAeIA Helold
= AT 7oA BUY, AN, DBTE, 714K, A5/ 59| 7o) 78
Aoltk. 3 AHgAH JHE AL HE SAL @) A SREAY BEwoz, dolge 94, FL,
e, B, FLEE 5t 7159 Aol BRI, /A5 ETEL Holeg sHstelel 383 E
WS AgeEo AHgAS0] ol 7Rt AR MAS AUste ZAT Holnt,

YolEot Ymelg ol 8o Haka X4 FEsHe R&D FuSlolAl s Hok AEvle HRAY B
918 w2 1) dlole] £4/A o] ole AAHEA Eis Yol Ao] e AESo] Feshe S
37k w5Aol,

SIG|OJE] : 0|2} 230l
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oJtt” I70] 7Fs s olf= IT 71&9] J24% Eof Fdol AR £ofo] HolHE0] 24X 0% &4
=71 AlR7] digeldt. 53, 71E9] A7gAdl wet Az £AIE EHskL Ak 7AlE Wi
10~2099] Al7te] Q5= AANEL A7E IA GEAE 4= A 7/ wieol 52 WL Qlck. 1
2Lt ol213t A7t 7HAI 8k 7] QI = A Aok H|olE o] AlAIA &2 &8t SHU Adnt
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o7} A7 A9 F93F 2AE A5 HA], ul= Materials Genome InitiativeMGI) (2011~),

u]=r Air Force Research Laboratory, NIST, NSF 3-52] Materials Science and Engineering Data
Challenge 5°] AJZ=JEH2015). ol &2 =2 374 dlo]g 7|HtO.& insightE &H o}, o]& 53l Al
A4 Zo] 7hs e SHYotedl ok QU

35

=
o
._I.l.
o
g
9
4
X°||
g
=
£33
o
I
5t
ct




(=3
=
sk
=
A
2
=]
aT
»
o
=
<
D
Q
[0)
=
Q
o)
o
{7
o)
)
=
o
>
o1
<.
(9]
F

0l

000 O R3D Hdo[E], O|xl= AUl YRS XBICt

r

Data Sources Tools for Creating & Analyzing Data Disseminators

Institutions Synthesis Characterization Sof Publishers  Societies

o]Q]o] &=, Lawrence Berkeley National University+ Elastic properties©l] Tt A4 2|t do|EfH|o]
A5 =510, NASAE SF9A% Al=o #st A}= 5] 23 Physical Science Informatics Bl°|
EfH|o]AS 5351l 3lom FI dEoAE, A= HlolH Izt -50] 2443kl it European
Commission Joint Research Centre’'s MatDBS} A AL A4t Ho]ElE FAO=E dF= European
Union’s NoMaD (http://nomad-repository.eu) ¥+-2] National Institute of Materials Science

(NIMS)oNA &= Az elole 2 9 Qe Het A5 3 Fol

e HAlR T AR ] S8 S7HAE & ofE AlF e Alaleto 2 AdE By o] gElde o
5 ©E3| v 5 7] Wizoltt. ofof] 7Hket 3t A ke At 23t o dn?
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HIH[O[E{ 7]|HtO| AL Bt} — AXY SO}

2-4-1 4
A zEolol|A BlHolEE AH-&ot= AlEs At eIeHComputational Nano-Science)olAl H 2 &
A= Qtt, AR I HFEHE o]83t A[EH o]} BldolH W FH7|&S o]gsto] AR

1 34, WA AES AAlRIL 2Aslshe 7lae S0 et o ARH SRS 222

TR DA% HAS0) 249 olsfRit 24| B4 thRES ofsfd 4 S Ao Jldhelsiet

T BUE TR QAT AR 47} Ae] BAAY ER B Flo] WA ol thizdkelel
22191 W= B AN ofa5] ofehe IAgIth Tefut 2 A0 ws) 2 1T 714 wglo]e] 7
£2 o R AR AL S Ut S2o] 27 Z7er ole] W, FelHal Ajzel 2Aste]

O A2 Yeg e AlEdold T o e AldE S =300

=gl 7t e A HE]l Y2 (Density Functional Theory) 5 H& A4E <]
W AR NS A e FHo R AlEdold TIe2 AR B oA A Hol IS

&3t A AT FE AN & e sEo= Tkl .

BEO| e gL A0 AL 2ot vl EAAEo] i Helo] Hlg)o] vf Zuw, Feio]
A oLk @A) 4ol Artet dakg njAick mRlel F27) nlAsA MalAt oA g BApt &
25l Ao RE hirBAo] 24 Wale] 24 Aolo] o}egS 2k A9} Hek. ol=d 4EA ko]
2 Qo] 9o ek B4, 2%, 1A, AL 59 2014 Aelsop S ATpDo] B vl
83} o] Waslth, o the 259 A7 AL FLH o] Fo) 29 7|29 dold mye
5|84 0) A olle 2 o] e} g el o] S EAfic

glglolefof] 7|utet Ak}l A45g 7|90 2 sto] ARl & sYctug olHg S &
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& Wl o= Akt 5508 BAE Y Qirk 20134 % HlstsHto] Agt A4ke] AL 7|5t

2 753 JESo Foldl AAH o trealele] Aol ARt Adlo] FaT % %2

olF A°lH.

2-4-2 3ig

TR ARBHLE ok A9 o 9Eske Ui AlE] /T2 A7 £85= Al
H|-E HollA Attt YR alES Al itk T2y 24 2R1 7ide] S0 A e Algdlelddt ]

gole] 2412 Bg3te], S tho] 7RsRokE Altkstel SIS 4 olrkd HAo] 34 AA) MAY 4
oI}, ol A= AT 2k PR ANE) AT RS astel 4T F5AHS BT

wtebA HlgolEof Z]uket AL akohe: A 9 e ifste] a2 f18h HEEA] SEEojof o 7]
=2 AAHI Stk vmollAE Wier]eo] 4 AR o] HdlolE Z|ute] dA 9l AHal 2 3
Th= Ql4Jo] sttt & 20114 Materials Genome Initiative (MGD)E s} 7]&9] 9733t IT <1
ZZHAIA computing power?] °F 60%E 75 B8 AEARA HeiAe] AL AAE 75
Sttt Y& A World Premier Institute ZZ 13 2] MANA(International Center for Materials
Nanoarchitectonics, NIMS) ¥ AIMR(Advanced Institute for Materials Research, Tohoku
University)& &9l At 719F9] Uie7]&0] g 9Jsl] stal JIth? {0l Al+= FP7 & 190 o]o]
Horizon 20209] NMP Z=21Hoj|A %= HH|o]E| 9} HHEE 53t LdH2 5% A71EY 2 74
sl glom, 20149 AHE European Materials Modeling Council $410.& 33 AkQjol| A Aitalst
71&9] B-8-2 & SUA717] §18] k=8 ot

AA HElolelo] Zuket Aktuie kot A Hoke] HHe s HUdE AlLES S Y
SHAL Qle}. thfet A=A HolHE Al Astal 2315 okt 1= National Institute of
Standards and Technology (NIST), Citrine Informatics jit. (Citrination Platform) 5= HH#24 o0& &
= AUt
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2011989 AJZHH Materials Projects Lawrence Berkeley National Laboratory”7} $50] o] 4235

I Uk HgolElof] 7]Hket Y- Ato] MFolR} A SR, ok dare|E, FEIeh AL =t
= 54t ML 7154 245 SEshs AS 1L ;= Skl Ik Ab initio AKECE 65,000 7 o4
inorganic compounds o] 3+, @9 44, A7|/ 7|AA JA3} -2 Hldo]HE HAokal it E5
open-source python-based analysis library(pymatgen) 9} 7145 HFHHPCO)O) 718+ Fil Qlo], &
g7g0] =rraL grHEh

Hamessing the power of supercomputing and state of the art electronic

The structure methods, the Materials Project provides open web-based access

to computed information en known and predicted materials as well as

Materials powerful analysis tools to inspire and design novel materials.
=
Project

Electronic Structure. Deasity of States

edirecs X-F bangap - 7511 ¥

EXPLORE MATERIALS EXPLORE BATTERIES VISUALIZE STABILITY  INVEN T STRUCTURES CALCULATE

T2 8. The materials project '

Open Quantum Materials Database(OQMD)= ICSD9] &S tAC2, DFT & ouA] A4
ol& 400,0009 7HE ZE3E vlglo]g At 7|&olth M AEE FMstAU, Ao] T (phase

diagram)& A=A &2 g AJE| 9] 313HE(groud-state composition)2] A& AT o],

o7t ZA 125 7HASkeAY E Q31 glo|E 9] th-2E T 7HsoHA A% o] Hldo]E o] 8o 24
£ 51 9tk &84 2 Structural 5§, Li BiEEE AE, 188 Y=T= thermoelectrics 23

2'd 5ol At
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OQMD- Home  Materials Analysis  Dotumenialion  Dowrioad

The Open Quantum Materials Database
Newsflash: OQMD v1.1 is out! (Download it here )

Welcome to the Open Quantum [\ rant status

Materials Database OGMD 1.1 has baen releasad! Dawrioad

The GOMD i & database of DFT-caleuialed ineemodyraic ane structural | 17 32180358 naw contains 471837 enires. '“;ﬂ,',‘;‘}”-
praparies. Tis oniine intertaca s for Iescale atcess: 1013 | Bacartl, adsad corpounce mcluds ELPABA Proare
more pawerful ulilization of the data, we recommend downlcading the entire: FaReHg AcLaPa KPalo

datatase and tre AR for mtsrfacing wit . from the ik below

You can...

Soarch for materials by comgesitan,

Create phase diagrams using the thermochemical data in OQMD,
(Determinz graund state compounds at any compasition,
Visusalize crystal structures, or

[Dowmioad the entire database {and the AP1) for your gwn use!

Tweet @TheOQMD to ask what |s stable at a composition, or to get a simple phase diagram!

nmm S llnmw«. “au
STRIOGMT SNAY DM PE-Te- 5000 TG0 LFeld
2 oam, ofEE) | Howe, -
@ChrisWolverton here is your Pb-Te-Sr-Se oChrisWolverton] LiFe02: stable, dH=-1.98
ohasad.?gr? m} aVat E_g=1.54 Vv=2.03A"3/at

-t i P s

The OOMD in Cheis ' roup at Liniversity.

Citrination materials-data analytics platform< F&0]A} 371E A= Bololg ZEoltt E5] if
TH HolHEREE RS & E}(1r181ght)— R5l7] 9t B4 o7 ntEojHr} =1 3] 7| DB S9)
B2 ElolE(BR/EIB)E Tetetal S & ot Aiteole|et AH|olEE K 23ekL qlrt. o
71o1M = A HolHE ol-&3f 71AIeks2 ks 59 BA4 M E85 1 3t 53] Materials
Information File(MIF, Open JSON-based file format, created by Citrine Informatics) 5= El|°|€
EEOE FAS] fl5f =¥ F91 A2 FE5L whsi.
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CITRINATION PLATFORM

(https://citrination.comy)

—
=Y S

Citrinatien and Data Catalegue | Materials Data Inf e | Artificial i Engines

12 10. Citrination materials-data analytics platform '

Expert-led database building from literature2 g]do]¥] 7|9t A7 3}5}of| A= ICSD(Inorganic
Crystal Structure, F7]8747-% Flo[&])7} Hl24 DBRAM Q] AAE HAL, 7|25 ARt o 271 A
o}, 2y obg] 715/ Aol tigt 8=t repositorys= §itkE ©H0] Qlof, EAlR= EHELEA Y o
ot =g ghettt. il =2l 2R H ARE ] AsiHE =2 W key datas 25k, AT+
A7F A = 9] HolEE Ao s FE5hs 5 ARAT EHd] Atk B SWE &85 == W
T3 #E YAESFIAL 7K SFehs AR A Aof jitt

Open-access movement:= At 200] W7t A5 2ok9] vlgo]El7} 2] E]®}, Hio] @ Holel QAN
open access +&°] FEE o] TrEolA A 5olty At EWARI ElsevieroAl+= ‘Open Data’z}
+ AZTHE FE517] AlFste], 13719] 8 AR Aatst W HlolHE 34 SOl AUt Nature
Publish Group®lAl+= Scientific Data Journal(2014)2 &% %91 A% o]H HS vt Zo|c},
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