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Gesellschaft zur Forderung der Wissensc

Die Max-Planck- ;
en — Geschaftsfihrenden — Direktor des

vertreten durch ds

. teme
Max-Planck-Instituts fur Dynamik komplexer technischer Sys

und
Herr Wenyuan Yang
schlieBen folgenden

Arbeitsvertrag
§1

Herr Wenyuan Yang, geboren am 08.12.1893, wird ab 01.12.2019 an dem MaX'Plan?k‘
Institut fur Dynamik komplexer technischer Systeme als wissenschaftliche Hilfskraft im
Sinne der Richtlinien fur die Forderung des wissenschatftiichen Nachwuchses und die
wissenschaftliche Zusammenarbeit mit dem Ausland in ihrer jeweils geltenden Fassung

befristet eingestelit.

Das Arbeitsverhaltnis endet mit Ablauf des 29.02.2020, ohne dass es einer Kundigung
bedarf.

Die Befristung des Arbeitsverhaitnisses beruht auf dem Gesetz (i,
Arbeitsvertrage in der Wissenschaft (Wi!SE"SChaﬁszeitvenragsgese'z _
Die Erklarungen im Erganzungsblatt zum Personalfragebogen Vorbesc|

er befristete
WISSZeith)_
héftigungen i
s. Die vg
enhafte Angal,
ung da"Slellen‘

befristeten Arbeitsverhaltnissen® sind Grundlage dieses A"Oeitsvenra
schlieBenden Parteien sind sich einig, dass unrichtige oge, Itick - Mrag
Fragebogen einen wichtigen Grund zur aulerordentiicher, Kundig N im
Sie sind verpflichtet, eine jeweils gultige Irnmalrikulatjnnsbe

€inigung vomllege
n,
§2

Her Wenyuan Yang obliegen folgende Tattigkeiter,




st Max-Planck-Institut, Magdeburg.

rt i
Der regeimaBig® Dienstor
. - -hen Grunden
Wenyuan yang ist s »
e (igkeiten zu Gbernehmen

andera gleichwertige T&
§3

. — n
Die Arbeitszeit betragt wahrend der Vorlesungszeit ausschlieBlich der Pause!

[[] wochentlich durchschnittiich [Wert] Stunden

= tlich 80S
[] nach Arbeitsanfall hochstens [Wert] Stunden wachentlich.

[[] nach Arbeitsanfall hchstens [Wert] Stunden monatlich.

hlieRlich der Pausen

Zeit

Die Ar zeit betrdgt in der g

["] wchentlich durchschnittlich (Wert] Stunden.
[[] monatlich durchschnitilich [Wert] Stunden,

[[] nach Arbeitsanfall héchstens [Wert] Stunden wéchentlich.
[[] nach Arbeitsanfall héchstens [Wert] Stunden monatlich.

Die Urlaubsanspriiche richten sich nach dem Bundesurlaubsgesetz vom 8, Januar
1963 in seiner jeweils geltenden Fassung.
§4

[Bei Vereinbarung einer wochentlichen Arbeitszeit bzw.  bei Bezahlung nach

Arbeitsanfall]
[] Die Vergitung betragt je Stunde [Wert] Euro

[Bei Vereinbarung einer monatlichen Arbeitszeit]
[X] Die Vergiitung betrigt monatlich 871,20 Euro.

Die Vergiitung wird nur fir tatsachlich geleistete Arbeit gezahyt. Vergmung
im Krankheitsfall richtet sich nach den gesetzlichen Besﬁmmungen.

e,

auf Erfindungen und technische Verbesserung ge finden die gesetzlichen

gestimmungen (Arbeitnehmererfindung ) und die Er jungen' der Max-

planck-Gesellschaft in ihrer jeweils geltengen Fassung Anwendung, Vereinbarungen
oder technicrhe \fark. schldge bet ff

mit Dritten, die Di
bedrfen der vorherigen Zustimmung durch die Generalverwaltung der Max-Planck-
der Max-

haft. Bereits g W i N
Vereinb, gen sind der G

Planck-Gesellschaft mitzuteilen

Die Regeln zur Sicherung guter wi: i i : "

vom 24. November 2000 in i . cher Praxis der Max-Planck-Gesellschaft
e e - } I ltenden Fassung sind Bestandteil des

Arbeitsvertrages. S geltenden Fi d

§8

Anderungen und Erga i
vem;nbai : Erganzungen dieses Vertrages sind nur wirksam, wenn sie schriftlich
we i i i
i B;Ben. Einer stillschweigenden Verléngerung des Arbeitsverhiltnisses wird
.‘ ; schon jetzt Widersprochen. Nebenabreden sind nur wirksam, wenn sie
schriftlich vereinbart werden,

Herr Wenyuan Yang hat eine Ausfertigung dieses Vertrages erhalten.

Magdeburg, 12.11.2019

Fr die Max-Planck-Gesellschaft Studentische Hilfskraft

V@% il

Wenyuan Yang

Prof. Dr. Ing. U. Reichl
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" Derzeitin der Fassung des Verwaliungsratsbeschiusses vom 9. Mar; 197 verdffentiicht mit R
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Absbract: The Mante Cars and mebkcular dynasics simulatians are emplived fo e the
separation performance of G113 compulation-ready, exvperimenta] metal-cagarss ramework
mwnsbiranis (CoRE-MOFYE) for 135 bivary i mixluss Afler the unsivariate analyss, prancgal
coEporeid analiais in i o sadiice 44 peelormance melecs of 13 mislunes b a 10-dissssion wl
Theen, four machire learmimg algorithans (decision tree, random forest, support vecbor madkine, and
back propagation rearal network) are combined with £ imes repeated k-fokd cross-validatson to
prodict and anabyze the relabomshaps between sin structural featune descripsors and 10 principal
momponents Based on the lirear correlation value B and the root mean square error predicted
by the machire kammg algomthm, the random forest algorithm s the mest sutable for the
prediction of the separation performance of CoRE-MOFMs. Cne descriptor, pore imating diameler,
posseszas the highest weight importande for each principal component mdes, Finally the 50 best
CoRE-MOFMs for each hinary gas michume ame sorvered arut, The high-throughget compatatonal
sereeming ared the mwacmanalysis of high-dimenssemal performance metrics can provide guidano:
for pxpurimandal mecarch throegh the melationships bebaeen the muli-stractune varables and
mailli-purformanes varisbies.

Keywards: netal -organic framework; gas separation, machine leaming: molecular sismulation, linear
dimeresion reduction

1. Imtroduction

With the rapid developmeent of the sodal economy, people increasivgly deperd on energy;
however, energy is nol mexhaustible. In recent years, the accekeration of the energy crisis has prompied
prople o think about bow to use deaner, more environmentally friendly, more cificent energy.
Separabon technodogy plays an indispenzahle part m the chemical industry, and i= widely n2ed @
medicine, food, petroleum, chemical engineering, metallurgy, and other elds. However, separaton
alsa omaus erery especially high-throughpal gae sepambon for example, desp oryopemae
suparation wag ysed fo separate Ny f0h in industry 1L wheme the erergy corsumption is much
higher and the roconery rate s Jower: In addstion, chemical and physacal ahsorpton methads ane used
te remorve acidic compomimibe dH 5 and CO4 Y from CHY moindustey, inclusd g B loe-bemmpacatune
methasnl, aleahel amivs, and alkali methods, Enegy cofeusption (s sxtremsdy high duseng the

Wawma s 209, 3, 467, drt 10590 manctsraed v gt com S amal ranoaienalk
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ABSTRACT

High-sour patural gas ||r|.u||j' coanlaine III!_HIII}M.Isrllr'l Besielis H:5, ths |ni||:r|lg.'1||’ which eaesd im the farm :ll'rn:rp'phm These imgrrites
af arganesnlfurs are required o b remaoved efficiently and economically for commercial application and the environment. In this work,
the adsorption performance of seganic sulfor geses [nsetiarethiol (MeSH] and ethanctheal (ExSH)| in 137933 hypathetscal metal organic
Tramiwncks ChAIOFs) and 47640 computatios -neady caperinsental MOFs {CoRE-BOF) were eval A by a high t¥ I

st compustatingal
screenimg techmigue. The highest adsorption capacitics are predicted to be approsimately TG and %800 mg/'g for MeSH and EtSH, respecivedy,
which is substantially higher chin that in zeolites {~100 ma'gh Quantitative struciuse-performance relatioaskips are established between
aderpdion capacilics el MO textar lI.'I.'I'H'rHI':iI.!Tﬂ iperlics [i||n||||l.i1|u ths ||.rg_|.ﬁ1 cavity diameter, sarlaoe are, vaid (raction, and e
heat). Trwn machice larming technigues, the back propagation neural network (RPN and the partial keast-square (FLS] methaods, ane applied
10 predict 4764 CalE-MOFs after trainieg all the data of hMOEs fram the large scale soreepang. Compared with PLS, BPMM sheavs better
||mtu|mu accuraey (or WEEH and BISH, and finds that the tsosteric beat aimang seven MOF features possises the highist weight for the:
ad=caption of organosulbars. Finally, the best & MOFs are sdentified for the remeonml of gaseous organosulfisrs from the high-soar natural gas
in & varkety of induscrial situations

& 2009 Amthor(sl. Al arbicle contesl, exvepd where otferwise moted, 5 Mrensed owder a Crastive Comeeews Antribution (00 8Y} Meanse
Fhatge ifervatived o onglicensga o407 ! ] i

INTRODUCTION

I recent years, industrial development and population grosth
hawe led to & surge demand for energy in the global. The ecploita-
ties &nd wilization of a cléan METEY FEsarre, Sug b as natueal g,
beoomes particulardy oritical aned mrgent. Howsever, 2 significan) por-
thoa of the ghotal nastural gaess sull remains untapped due to the high

saur condenlmations i neservains, HpS asd orgasasalives in natisral

gas boah have great negative effect on the recovery and urilization
ol pas. Althoagh there are imany resarchers paving stlention to the
separation of F25, 1t is siill worth neting that the removal of gaseous
arganic suliurs is rarely considered in the litersture, especially for
thi: high-zeur matural pasia Even in high-sour gas el g, the o
tratiom of gaseous organic sulfir contents has exceeded S0 mg'm™
arf SO0 ppea.’ - In sour ges Belds, one of the mzin oo posents of
asguass crganic suliers i mereaplan, During combisaioa, they will

APL Mlabar T, 0994 [F00; cha: 10 106377 5100765
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Machine-learning-assisted High-throughput Computational
Screening of High Performance Metal-Organic Frameworks

Zenan 5hi, Wenyuan Yang, Xiaomei Deng, Chengzhi Cai, Yaling Yan, Hong Liang, Zili Liv, ard Zhiveai
Qian

Ower ghe past two decades, the number ol works on mefd-organic frameworie |MOFs| i the felds of gas adsorpiion and

in hic | bectini gicinth d i L Dhaid hagh veid Fraction and ultvabigh dpecilie duitice aiea. With the
ol increase of WIOF database, highthroughpot compuationadl soreening [HTCS| has become the main method for
salecting high-performeance target maierals from the lige guantity ol MOFs. Traditional HTCS methods, eg. grand
cafrerticsl Mofte Cails (GUMC) and deniity Nunctional Thaony (DFT], 2ould bcosbinae thi dicsy iy of o al, Bowinir,
here e sane Shircamings in these methods such as Mgh comginational oot and slow speed, consadering the vast and
almast intnite MOF a5 well as ciff - systeme and desrse operating concktions. Machine lsaming
ML i & potentil werening methad with the sbdity 10 aseurately pradiel this lgh-perlammence meberak thiough tha
raining of data, wrich waene obtaired by BTCS, and the ML modiel that Ths accursaedy thae oom pled sysbem can impeose the
sremning speed by 2-3 onders of magnsude, In this work, i view of Wl-pasised HTCS of MOFS in moent years, the
rmlrannt remnarch prograw inchuding CH, Norage, B, stecage and 00, jom and oie. i d, aisting s clariy
e pat | ard ¢ abeoast WiLasssved HTOS by cateporaing thie application and deselopment of ML in
Ahis Held. Then, 3 series af ML algs were desig and ped b pdppt to different MIOF systems, and 1o seach
lkry descripinm: bmad on 8L b revarse devign new WOF wih seelient performance. Therefore, the AL-anated HTCS
warthod could accel ente the dees op % of MOFs and b thedr applcations n warious fedds.

1. Introduction

Bhetal-argani: frameworks (MOFs] are 8 new type of arganic-
inprganic  hworid porcus polymer matenial’. Since  their
structure was determined by Ludi et al’ in 1977, KIOFs have
been extensively studied, Tens of thousands of new BOFs
have baen synthasized or progerly dessgned by changing the
composition of different metal ions and organic ligands as well
a3 functivnal groups, and their gravimetric serface area (G54)
ket incraasing, reaching more than G000 m' /g Because most
of MOFs have a three-dimensicnal network structure, the
structural propestees of material Gan be tinsed by changing the
length and functionad group of grganic ligands, and it a MOF
postesses the open metal sites, i could hawe a strong
interaction between the sdsorbates and the apen metaks,
Because af thair supsrices characteristics, the MOFs could ba
the potential candidates in broader range of applications than
traditiorial material. 5S¢ far, MOFS have been studed and
appsied B0 mary Belds, such a acsorption’,  stofage’,
soparation”, catalysis®, drug  delivery’ and  sensing”.
Traditicnally, to develop new materials, whach the trial and
errar method was the synthesis of new MOFS by changing
different metal lons and organes ligands as well as functional
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groups. Atter tha perfarmance 1esting and characterization,
thiz material may be not necessarily ideal, thas, it woald spend
very high cost, energy and teme. As the symthetic technology =
sirangthened and axperiancs is actumulated, the types of
MAOFs synthesized in the laboratary are canstantly Increzsing,
and the applicaticn leve! &= contsneously  verified. The
structural - praperties  of  synthesized  materials in the
experiments were callected and dassified inte a database, Le.
the Cambridge Crystallographic Data Centre [CCODCL, to be
cantinugusly dpdated, maintained and impraved, Accard@ng 1o
hoghadam et n].', the number of MOFs has inoressed 1o
B8, 666, Chung et " mstablshed commputation-ready
eaparimantal  metal-arganic  framéwork  (CeRE-MOFs)
database by removing salvert maolecsbes and  refining
structural parameters. Furthesmore, by combining computer
science,  statistics, probability, databage  theory  and
computationad mathematics, some performance of MOFs in
the CLOL were theoretcally caloulated and amabyzed. For
caample, Monte Carda (MC) and molecular dynamigs (MDY
were integrated to esplore the adsorption, storage and
separation of MOFs on gases with different components, and
the axperimemal varification was theraby camiad aut. Through
the analysis of CoRE-MOFs, different structural wnits and
topologies could be automatically connected 1o form the MOF
shructure by the software peckages, such s Tﬁbun:l:"'".. ir
different was to awtamaticalty design new hypothetical MOFs
{hadleds], greatly expanding the database. Snrarr et ai.*? used



