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New Table-Top Diffractometer Bruker D6 Phaser

NOVÝ STOLNÍ DIFRAKTOMETR BRUKER D6 PHASER

Boris Míè

Mìøící Technika Morava

Nový stolní rentgenový difraktometr Bruker D6 PHASER
pøedstavuje prùlomové øešení pro rentgenovou difrakèní
analýzu v kompaktním provedení. Díky svým pokroèilým
funkcím a volitelným doplòkùm nabízí výkon, který je
bìžnì dostupný pouze u vìtších, laboratorních
difraktometrù. Uživatelé mohou využít široké škály
aplikací, od základní fázové analýzy po pokroèilé studium
struktury materiálù. D6 PHASER podporuje vysokou
flexibilitu pøi konfiguraci experimentù a je ideální pro
výzkum i prùmyslové aplikace. Mezi jeho volitelné
doplòky patøí napøíklad automatický mìniè vzorkù,

nízkoteplotní komory, a rùzné typy detektorù, které
umožòují mìøení pøi specifických podmínkách. Navíc,
díky své stolní velikosti, je D6 PHASER vhodný i pro
menší laboratoøe, kde je prostor omezený. Navzdory
kompaktnímu designu nedochází ke kompromisùm v
pøesnosti a citlivosti mìøení. Tento difraktometr je tedy
ideální volbou pro uživatele, kteøí potøebují výkonné a
všestranné zaøízení v dostupném a praktickém balení. D6
PHASER pøináší vysokou úroveò inovace a spolehlivosti
do svìta rentgenové difrakce.
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The RAS/MAPK sig nal ling path way is one of the most ex -
ten sively stud ied path ways, mainly due to its fun da men tal
role in the reg u la tion of cell cy cle, pro lif er a tion, or se nes -
cence. Mu ta tions in RAS/MAPK are pri mary driv ers of
can cer [1]. They also con trib ute to de vel op men tal syn -
dromes known as RASopathies. These syn dromes are as so -
ci ated with body mal for ma tions of dif fer ent se ver ity and
with im paired cog ni tive func tion. In di vid u als with these
syn dromes of ten ex pe ri ence in tel lec tual dis abil ity (ID) and
au tism spec trum dis or der (ASD) [2, 3]. In this study, we in -
ves ti gate de novo re cur rent sin gle-point missense mu ta -
tions in the BRAF and MAP2K1 genes (en cod ing kin ases
BRAF and MAP2K1), found in in di vid u als with ID and
ASD. They are cur rently clas si fied as vari ants of un known
sig nif i cance (VUS) [4]. It is cru cial to in ves ti gate whether
and how they im pact the pro tein func tion, as some vari ants
in RASopathies are known to in crease while de creas ing the 
kinase ac tiv ity.

The vari ants were se lected from large se quenc ing stud -
ies [4] us ing an ini tial dataset of all missense vari ants found 
in ID/ASD in di vid u als. We con sid ered the num ber of af -
fected in di vid u als with each vari ant and the pres ence of
sec ond ary mu ta tions in other genes. Fur ther, the vari ants
were cross-val i dated for their as so ci a tion with ID or ASD
with ClinVar Miner (https://clinvarminer.ge net ics.utah.

edu/), SysNDD (https://sysndd.dbmr.unibe.ch/) and SFA -
RI da ta base (https://gene.sfari.org/). 

We cloned the wild-type BRAF (BRAFwt), wild-type
MAP2K1 (MAP2K1wt), and the cor re spond ing VUS-con -
tain ing vari ants. We ex press and pu rify the pro teins for as -
sess ment of kinase ac tiv ity and for in ves ti gat ing the ef fect
of VUS on 3D struc ture with X-ray crys tal log ra phy. This
study aims to elu ci date the patho ge nic ity of the novel mu ta -
tions and the mo lec u lar mech a nisms by which they lead to
ID/ASD. This will help to im prove di ag nos tics and find tai -
lored treat ments tar gets.

1. Hanahan, D., & Wein berg, R. A. (2000). The hall marks of
can cer. Cell, 100(1), 57–70.
https://doi.org/10.1016/s0092-8674(00)81683-9.

2. Rauen K. A. (2013). The RASopathies. An nual re view of
genomics and hu man ge net ics, 14, 355–369.
https://doi.org/10.1146/annurev-genom-091212-153523.

3. Geoffray, M. M., Falissard, B., Green, J., Kerr, B., Ev ans,
D. G., Huson, S., Bur kitt-Wright, E., & Garg, S. (2021).
Au tism Spec trum Dis or der Symp tom Pro file Across the
RASopathies. Fron tiers in psy chi a try, 11, 585700.
https://doi.org/10.3389/fpsyt.2020.585700.

4. Wang, T., Kim, C. N., Bakken, T. E., Gillentine, M.
A.,.Henning, B., Mao, Y., Gilissen, C., SPARK Con sor -
tium, Nowakowski, T. J., & Eichler, E. E. (2022). In te -
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grated gene anal y ses of de novo vari ants from 46,612 trios
with au tism and de vel op men tal dis or ders. Pro ceed ings of
the Na tional Acad emy of Sci ences of the United States of
Amer ica, 119(46), e2203491119.
https://doi.org/10.1073/pnas.2203491119
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Over 200 mil lion peo ple in the world are af fected by In tel -
lec tual Dis abil ity (ID) and/or Au tism Spec trum Dis or der
(ASD), de bil i tat ing and of ten co-oc cur ring neuro develop -
mental dis or ders [1, 2]. They have prob lems with cog ni tive 
and adap tive func tion ing, in clud ing learn ing, com mu ni ca -
tion, and so cial skills. ID/ASD have mostly monogenic
causes. Ma jor ity of the mu ta tions (non-sense, frameshift,
or splice-site) are likely gene dis rupt ing (LGD). How ever,
there is a grow ing num ber of de novo missense ge netic
vari ants with un cer tain sig nif i cance (VUS) that in crease
the dis ease risk to sim i lar or even greater de gree than LGD
[3]. It is chal leng ing to com pre hend how VUS af fects
ID/ASD symp toms; hence it is im por tant to de velop an ef -
fi cient model. 

We are in tro duc ing 40 con served re cur rent VUS in
Drosophila orthologs of ID/ASD genes with CRISPR-
 HDR. We will in ves ti gate their ef fect on cog ni tive func tion 
with ha bit u a tion, a con served form of learn ing that is based 
on sup press ing a re sponse to a re pet i tive but mean ing less
stim u lus. Ha bit u a tion is a pre req ui site for higher cog ni tive
func tions [4, 5] and, as was shown pre vi ously, is af fected in 
Drosophila LGD mod els of ID/ASD [6]. Thus, ha bit u a tion
is suit able for in ves ti gat ing the ef fect of VUS on cog ni tive
func tion in ID/ASD. We use a high-through put light-off
jump ha bit u a tion plat form where the flies sup press their
jump re sponse to a light-off stim u lus. This study should
shed light on the ef fect of VUS on ID/ASD pa thol ogy and,

most im por tantly, on cog ni tive func tion that can not be eas -
ily as sessed with sim pler cell-based mod els. 

1. Eu ro pean in tel lec tual dis abil ity re search net work (2003).
1-129. Eu ro pean Com mis sion.

2. Zablotsky B., Black LI, Maenner MJ etc. (2015) Es ti mated
prev a lence of au tism and other de vel op men tal dis abil i ties
fol low ing ques tion naire changes in the 2014. Na tional
Health In ter view Sur vey: Na tional health sta tis tics reports,
87.

3. Iossifov I., O´Roak B. J., Sanders S. J., et al. (2014) The
con tri bu tion of de novo cod ing mu ta tions to au tism spec -
trum dis or der, Na ture, 515(7526), 216-221.

4. Kavšek M. (2004) Pre dict ing later IQ from in fant vi sual
ha bit u a tion and dishabituation: A meta-anal y sis. JADP,
25(3), 369-393.

5. Domsch H., Lohaus A. and Thomas H. (2009) Pre dic tion
of child hood cog ni tive abil i ties from a set of early in di ca -
tors of in for ma tion pro cess ing ca pa bil i ties. In fant Be hav ior 
and De vel op ment, 32(1), 91-102.

6. Fenckova M., Blok L.E.R., Asztalos L., et al. (2019) Ha bit -
u a tion Learn ing Is a Widely Af fected Mech a nism in
Drosophila Mod els of In tel lec tual Dis abil ity and Au tism
Spec trum Dis or ders. Bi o log i cal Psy chi a try, 86(4), 294-305.

This work is sup ported by a grant from the Czech Sci ence
Foun da tion (grant no. 23-07810S) and an EMBO In stal la -
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Investigation of crystal structure of galectin-9 in complex with ligands
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Galektiny jsou proteiny patøící do skupiny lektinù, které
obsahují jednu nebo dvì konzervované domény rozpoz ná -
vací sacharidy (car bo hy drate rec og ni tion do main, CRD),
jež váží b-galaktosidové sacharidy [1, 2]. Tyto proteiny
byly nalezeny u mnoha mnohobunìèných orga nismech od
bezobratlých až po èlovìka. Na rozdíl od vìtšiny lektinù
nejsou galektiny vázané k membránì, ale vyskytují se jako
rozpustné proteiny s intra-i extracelulárními funkcemi,
zejména v cytosolu, jádøe, extracelulární ma trix a v obì ho -
vé soustavì. V tìle hrají roly v modulaci bunìèný procesù.
Jako je bunìèná morfogeneze, intracelulární trans port, sig -
na lizace a apoptóza [1, 3]. 

Galektin-9 (Gal-9) je pro tein tandemovì opakujícího se 
typu se dvìma CRD. Jeho role v lidském tìle je pøedevším
imunomodulaèní. Nejvyšší exprese Gal-9 byla zjištìná v
tkáních spojených s imunitním systémem (slezina a lym -
fatické uzliny) a v tkáních endodermálního pùvodu (játra,
støeva, žaludek a plíce). Pøi onemocnìní rakovinou dochází 
v nádorové tkáni ke zmìnì hladiny exprese Gal-9 ve
srovnán s nepostiženou tání. Díky této skuteènosti by
Gal-9 mohl sloužit jako prognostický marker malignit [2]. 

Pro urèení struktury kompletního proteinu Gal-9, jeho
C-domény a N-domény byla použita krystalizaèní metoda
na difúzi par pomocí sedící kapky. Stejnou metodou byla
provedena ko-krystalizace za úèelem urèení pøesné polohy
vazby ligandu. Pro komplex pro tein-ligand byly použity
komerènì dostupné ligandy thiodigalaktosidu (TDG -
VA142 a VA 143). Ko-krystalizace byla provedena jak pro 
celý pro tein, tak pro jeho obì domény. V obou pøípadech

byly použity komerènì dostupné krystalizaèní screeny
(The Ligand-Friendly Screen, SG1 Screen, PEGRx…). 

Získané krystaly byly testovány pomocí JANSi UVEX
a následnì odeslány na difrakèní analýzu na syn chro tron
BESSY v Berlínì. Vypìstované krystaly C-domény Gal-9
poskytly difrakci s rozlišením 1.6 ?. Dále byly získaný
krystaly proteinu Gal-9 vhodné k difrakèní analýze.
Ko-krystalizací se podaøilo vypìstovat i krystaly komplexu 
C-domény Gal-9 s výše zmínìnými thiodigalaktosidmi. V
souèasné dobì probíhá další analýza a testování tìchto
krystalù s cílem potvrdit detailní interakce mezi Gal-9 a
sacharidy.

1. Bänfer S., Ja cob R. (2022), Galectins. Cur rent bi ol ogy
mag a zine, 32, pp. 406-408. doi:
https://doi.org/10.1016/j.cub.2022.03.065. 

2. Heusschen, R., Griffioen, A. W., & Thijssen, V. L. (2013).
Galectin-9 in tu mor bi ol ogy: A jack of mul ti ple trades.
Biochimica et Biophysica Acta (BBA) - Re views on Can -
cer, 1836(1), pp. 177-185.
doi:10.1016/j.bbcan.2013.04.006.

3. Ar thur, C. M., Baruffi, M. D., Cummings, R. D., &
Stowell, S. R. (2014). Evolv ing Mech a nis tic In sights into
Galectin Func tions. Galectins, pp. 1-35.
doi:10.1007/978-1-4939-1396-1_1 .
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In tro ducti on

Crys tal struc ture ver i fi ca tion based on the com par i son with 
DFT cal cu la tion re sults was al ready in tro duced circa 20
years ago [1, 2]. How ever, only the ad vance ment in com -
put ing tech nol ogy as well as the de vel op ment in the area of
DFT functionals made it pos si ble to per form such cal cu la -
tions on com plex or ganic mo lec u lar crys tals. Our aim is to
de velop a pro gram ca pa ble of me di at ing DFT cal cu la tions
and ana lys ing the re sults. There al ready ex ist com mer cial
pieces of soft ware of fer ing such ca pa bil i ties, they are how -
ever typ i cally fairly ex pen sive. Our aim is there fore also to
pres ent a freely avail able vari ant of such soft ware.

Crys tal structu re ve ri fi cati on using dis per si on-cor rec -
ted DFT

A DFT cal cu la tion uses an ex per i men tal struc ture as an in -
put. Dur ing the cal cu la tion, the atomic po si tions and op -
tion ally also the cell pa ram e ters are op ti mized in a way that
the en ergy min i mum is achieved. The out put of a DFT cal -
cu la tion is an other struc ture with a ge om e try more or less
dif fer ent from the ge om e try of the ex per i men tal struc ture.
The in put and out put struc tures can then be com pared
based on cer tain se lected cri te ria. These cri te ria should in -
di cate se ri ous dis crep an cies in the two struc ture ge om e -
tries.

Our im ple men tati on – the pro gram checkCIF-DFT

To fa cil i tate per form ing DFT cal cu la tions on crys tal struc -
tures we de vel oped a pro gram to which we gave the name
checkCIF-DFT. An in spi ra tion to us was the web ap pli ca -
tion checkCIF/PLATON [3], which of fers con sis tency and
va lid ity check ing for ex per i men tal crys tal struc tures based
on crys tal lo graphic dif frac tion cri te ria. Our pro gram in trin -
si cally uti lizes 3 dif fer ent DFT pro grams: Quan tum
ESPRESSO [4], CASTEP [5] and Orca [6]. Be sides that,
the mo lec u lar me chan ics pro gram GULP [7] is also uti -
lized. Our pro gram pro vides a graph i cal in ter face and
serves as a me di a tor be tween the user and com pu ta tional
pro grams. Our pro gram can read and vi su al ize data from a
CIF file, pre pare in put files for com pu ta tional pro grams,
mon i tor the prog ress of a cal cu la tion and fi nally, af ter a cal -
cu la tion has fin ished, it can ana lyse the cal cu la tion re sults
and point out se ri ous is sues. 

In put and out put structu res com pa ri son

To com pare the ex per i men tal crys tal struc ture and the DFT
out put crys tal struc ture, it is ab so lutely es sen tial to choose
com par i son descriptors that are suf fi ciently in dic a tive and
can there fore re flect se ri ous dis crep an cies in the com pared
struc tures. In our work, we orig i nally used solely the
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descriptor RMSCD de vel oped by other au thors [2]. How -
ever, as the au thors of RMSCD stated them selves, this
descriptor does n’t re flect se ri ous is sues well enough. For
that rea son, we de cided to in clude other descriptors.
Among the newly im ple mented descriptors are rel a tive dif -
fer ence in cell vol umes, max i mal dif fer ence in bond
lengths, max i mal dif fer ence in bond an gles and oth ers. In
our test ing so far, we dis cov ered that the tested prob lem atic 
struc tures re li ably ex hibit a se ri ous dis agree ment in at least
one of the used descriptors.

Practi cal uses of DFT cal cu lati on re sults

DFT cal cu la tions can be used for rou tine ver i fi ca tion of ex -
per i men tal crys tal struc ture so lu tions. Some ex per i men tal
re sults may be af fected by se ri ous er rors due to bad qual ity
of the crys tal line sam ple or other fac tors. For that rea son, a
DFT cal cu la tion can be use ful to as sess the trust wor thi ness
of the ex per i men tally ob tained data. 

Crys tal struc ture pre dic tion rep re sents an other field of
use for DFT cal cu la tions. In such com pu ta tional ex per i -
ment a large set of pos si ble crys tal struc ture ge om e tries is
gen er ated us ing lower-level meth ods (e.g. mo lec u lar me -
chan ics). These struc tures are then re fined us ing the DFT
method. The re fined set of struc tures can then be sorted
based on the lat tice en ergy, which should re flect the sta bil -
ity of each struc ture in the set.

Apart from the two ex am ples men tioned above, DFT
cal cu la tions also find great use in pow der dif frac tion crys -
tal struc ture so lu tions. While solv ing pow der dif frac tion
data, a DFT cal cu la tion can be used as an in ter me di ate step
to achieve a better level of re fine ment.

DFT method testing

In our work, we’ve con ducted a se ries of test ing cal cu la -
tions to as sess how well the DFT method would fare in in -
di cat ing se ri ously er ro ne ous crys tal struc ture so lu tions. In
our test ing, we chose a set of 5 struc tures that are known to
be fraud u lent [8] and a set of 5 struc tures solved by neu tron
dif frac tion ex per i ments, which we deemed to be the most
pre cise and re li able method of de ter min ing the crys tal
struc ture. For this test we used the CASTEP com pu ta tional
mod ule uti liz ing the rSCAN func tional and MBD dis per -
sion cor rec tion. When ana lys ing the re sults, we con cluded
that the DFT method to gether with our im proved descriptor 
sys tem was able to de tect that the fraud u lent struc tures
were er ro ne ous (Fig. 2). 

Conclu si ons

In our work, we dis cov ered that we were able to de tect
fraud u lent crys tal struc tures us ing DFT cal cu la tions to -
gether with an im proved sys tem of struc ture com par i son
descriptors. The most use ful com par i son descriptors have
shown to be the max i mal bond length dif fer ence and max i -
mal bond an gle dif fer ence. 
We de vel oped and tested a freely avail able pro gram that is
ca pa ble of me di at ing DFT cal cu la tions and ana lys ing the
re sults. This pro gram may help crys tal log ra phers in as sess -
ing the trust wor thi ness of crys tal struc ture so lu tions.

1. J. Streek, M. A. Neumann, Acta .Cryst., B66, (2010), 544.

2. J. Streek, M. A. Neumann, Acta .Cryst., B70, (2014), 1020.

3. (IUCr) IUCr Jour nals - checkCIF FAQ. https://jour -
nals.iucr.org/ser vices/cif/check ing/checkfaq.html#what

(ac cessed May 10, 2024).

4. Paolo Giannozzi et al, J. Phys.: Condens. Mat ter, 21,

(2009), 395502.

5. Ma te ri als Stu dio 2023 - CASTEP.
https://www.tcm.phy.cam.ac.uk/castep/doc u men ta -

tion/WebHelp/CASTEP.html (ac cessed May 10, 2024).

6. F. Neese, Wiley In ter dis ci plin ary Re views: Com pu ta tional

Mo lec u lar Sci ence, 2, (2012), 73.

7. J. Gale, J. Chem. Soc., Far a day Trans., 93, (1997), 629.

8. The Lan cet, 375, (2010), 94.

9. The 7th CSP Blind Test | CCDC.
https://www.ccdc.cam.ac.uk/com mu nity/ccdc-for-the-com -
mu nity/part ner ships-and-ini tia -
tives/csp-blind-test/7th-csp-blind-test/ (ac cessed May 10,
2024).
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Rank Structu re code 
Re la ti ve
ener gy

[kJ/mol]

Ex pe ri men tal
rank

1. XXXI_structu re_59 0.0000 -

2. XXXI_structu re_98 0.7963 1.

3. XXXI_structu re_1 2.0061 2.

4. XXXI_structu re_17 2.5395 -

5. XXXI_structu re_57 2.9341 -

6. XXXI_structu re_34 3.0854 -

7. XXXI_structu re_11 3.1684 -

8. XXXI_structu re_25 3.2349 3.

9. XXXI_structu re_70 3.4779 -

10. XXXI_structu re_20 4.1705 -

Ta ble 1. Best 10 trial struc tures of the com pound XXXI from the
7th CSP Blind Test as cal cu lated by the DFT method.

Fig ure 2. Scatterplot of RMSCD ex clud ing hy dro gen at oms against
max i mal bond length dif fer ence for a set of struc tures solved us ing

neu tron dif frac tion data (red) and a set of struc tures that are known

to be fraud u lent (blue).
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In tro ducti ons

Phar ma ceu ti cal solid forms such as salts and cocrystals
play a cru cial role in phar ma ceu ti cal ap pli ca tions. The dif -
fer ence be tween salt and cocrystal is given only by the po -
si tion of sin gle hy dro gen [1], mak ing it es sen tial to de velop 
pre cise tech niques for iden ti fy ing this po si tion. Dif fer en ti -
a tion be tween salt and cocrystal com pounds holds sig nif i -
cant im por tance within the phar ma ceu ti cal in dus try, both
for reg u la tory pur poses and over all qual ity con trol. We are
de vel op ing a com pu ta tional method for salt cocrystal dif -
fer en ti a tion based on DFT (den sity func tional the ory) en -
ergy cal cu la tion. We had al ready par tially tested this
method [2]. In this work we con firmed that we can cor -
rectly differentiate salt and cocrystal when the H-bond is
not ex tremely strong (re li abil ity rule set by us for H-bond
dis tances lon ger than 2.613 C, O–H···N case). Based on
the con clu sions from the pub li ca tion we had made a few
im prove ments in our pres ent work: the num ber of tested
struc tures in creased from 95 to 404 and for the main
screen ing the rSCAN func tional was used in stead of PBE
one. Our DFT method optimizes an ar ti fi cially con structed
wrong struc ture (hy dro gen atom placed in salt po si tion
near the po ten tial acceptor for cocrystals and vice versa
cocrystal po si tion with hy dro gen atom placed near the po -
ten tial do nor of the salts). The ver i fi ca tion of the method
was done based on com par i son of the re sults with an ex per -
i men tally con firmed cor rect hy dro gen po si tion. 16
cocrystals from the stud ied set were iden ti fied as salt in dis -
agree ment with ex per i men tal data. These prob lem atic
struc tures were in ves ti gated more deeply. We re pro duced

crys tal li za tion and data col lec tion us ing sin gle-crys tal
X-ray dif frac tion (SCXRD) for 7 of them. Com plete ex per -
i men tal data were avail able for 2 prob lem atic struc tures
from the orig i nal au thors and data re-in ter pre ta tion was
pos si ble. To get the best pos si ble hy dro gen po si tions, we
had used for re fine ment the HAR method as im ple mented
in Olex2 soft ware and NoSpherA2 [3,4,5,6]. We also eval -
u ated whether in these prob lem atic cases more ad vanced
functionals (r2SCAN, PBE0, PBE50) could pro vide re sults 
con sis tent with ex per i men tal data. 

Methods

The DFT cal cu la tions were per formed us ing CASTEP
code [7]. Since the cell pa ram e ters were as sumed to be ac -
cu rately ob tained ex per i men tally, we solely per formed
only op ti mi za tion of atomic po si tions. We had used
rSCAN func tional with MBD dis per sion cor rec tion and au -
to matic fine ba sis pre ci sion [8,9]. The data were pre pared
in checkCIF-DFT soft ware [10]. The op ti mi za tion was al -
ways per formed from both ar ti fi cial salt and cocrystal start -
ing mod els. Com pu ta tion was per formed on Karolina
super com puter at TU Ostrava, Czech Re pub lic. 
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N1-H2 1,082 

Fig ure 1. Struc ture of 4,4’bipyridine and maleic acid (GIPQAX) in Olex2 re fined by HAR method with hy dro -

gen atoms treated as anisotropic. The struc ture was orig i nally ex per i men tally solved in cor rectly as cocrystal.

Pure co crys tal Pure salt
Salt-co crys tal

con ti nuum phase

301 16 87

Ta ble 1. Re sults of cal cu la tion on 404 struc tures from the zone

with -1 £ DpKa £ 4 (RSCAN fine + MBD).



For cases where we have crys tal lized the struc ture or re -
in ter preted the data of the orig i nal au thors, we used HAR
method as im ple mented in Olex2 soft ware and NoSpherA2 
mod ule [3,4,5,6]. For the wavefunction cal cu la tion we had
used def2-TZVP lo cal ized base, r2SCAN func tional and
Orca 5.0 soft ware [11]. The re fine ment was in all cases
done by two meth ods. The first method was based on re -
fine ment of the prob lem atic hy dro gen in sin gle po si tion.
The sec ond method was based on re fine ment of this hy dro -
gen in two po si tions as dis or dered one. The do nor and ac -
cep tor dis tances to the hy dro gen were in the sec ond case
re strained to the value 0.95 C with weight cor re spond ing to 
0.01 C esd. For fi nal CIF de po si tion, the re fine ment re sults
based on the first method were used only be cause we be -
lieve the dis or der model does not cor rectly re flect the real
state of the phases.

Re sults

We had con firmed a cor rect cocrystal struc ture de ter mi na -
tion in 301 cases. For 87 struc tures we had iden ti fied that
the phase de ter mi na tion is sus pi cious, and the struc tures
prob a bly cre ate a salt-cocrystal con tin u ous phase. This
phases be hav iour will be de scribed in sep a rated study. 

From the 16 phases ex hib it ing con sis tent salt be hav iour 
by our meth od ol ogy, we ex per i men tally proved that 2 are
true salts (OGEPIA, GIPQAX). We be lieve that 3 oth ers
(ODOHIZ, CITSAZ10, VODCOH) were in cor rectly
solved by the orig i nal au thors, and our DFT method us ing
rSCAN func tional cor rectly iden ti fied these as salts. For
the 4 struc tures that vi o late the re li abil ity rule we es tab -
lished in the pre vi ous ar ti cle (DFT method can cor rectly
dif fer en ti ate salt and cocrystal when the H-bond is not ex -
tremely strong; H-bond dis tances lon ger than 2.613 C,
O–H···N case), we con firmed the DFT meth od ol ogy based 
on rSCAN func tional works cor rectly and the prob lem is
with the ex per i men tal struc ture de ter mi na tion. In 9 cases
we con firmed that the DFT method based only on rSCAN
func tional is not re li able and un suit able for cocrystal/salt
dis tin guish ing with strong H-bond. How ever, ad vanced
functionals (r2SCAN, PBE0, PBE50) can cor rect these dis -
crep an cies in some cases. For fu ture pre dic tion we sug gest
for the salt-cocrystal dif fer en ti a tion the r2SCAN func tional 
which pro vides cor rect re sults for O–H···N bonds lon ger

than 2.554 C, com pared to our pre vi ous 2.613 C limit. The
com pu ta tional cost of r2SCAN is com pa ra ble to rSCAN,
mak ing it suit able for large-scale screen ing.
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In tro ducti on

The idea to ver ify crys tal struc ture by com par i son with
DFT cal cu la tion re sults was in tro duced al ready 20 years
ago [1,2]. Due to ad vances in the com pu ta tion tech nol o -
gies, DFT functionals de vel op ment as well as bit prob lem -
atic re sults of the orig i nal work we had cho sen to re fresh
the whole idea. The tar get of our work is to de velop this
meth od ol ogy and to test what ever ver i fi ca tion of the com -
plete CSD con tent by this method is even tu ally pos si ble.

Im pro ve ment of the methods

The orig i nal ver i fi ca tion method [1,2] was pri mary based
on the ex per i men tal and DFT re sults com par i son by Car te -
sian dis place ment (RMSCD) descriptor only. RMSCD is
de-facto a RMSD mod i fied to be able to com pare atomic
po si tions in dif fer ent unit cells. It was al ready men tioned
[1] this descriptor was not able to clearly sep a rate to tally
ar ti fi cial fraud struc tures from cor rectly solved one. We
had tested sev eral other descriptors to sep a rate prob lem atic 
struc tures from cor rect ones. Our test in di cates the max i -
mal dif fer ence in bond dis tance and max i mal dif fer ence in
bond an gle can better in di cate prob lem atic struc tures than
RMSCD, see Fig. 1. The ar ti fi cial fraud structures are
clearly separated from correct results.

An other im prove ment of the method is the use of mod -
ern meta-GGA func tional (r2SCAN) with up-to-date dis -
per sion cor rec tion (MBD) in stead of the PBE func tional
and first gen er a tion of the Grimme dis per sion cor rec tion as
used in the orig i nal work. This method of en ergy cal cu la -
tion leads to more re al is tic atom po si tions and lat tice pa -
ram e ters than the orig i nal one. The whole meth od ol ogy
was im ple mented in a form of checkCIF-DFT soft ware
which is a sub ject of an other pre sen ta tion.

Test on 100 semi-ran do mly se lec ted structu res 
from CSD

In the first tests we had ex tracted from CSD 194017 struc -
tures by fol low ing cri te ria: pub lished af ter 2013, non-dis -
or dered pure or ganic struc tures, no er rors de tected by CSD, 
solved from sin gle crys tal. We had used only pure or ganic
struc tures be cause metal pres ence can gen er ate prob lems
re lated to open shell and not clear spin state which is hard to 
han dle au to matic for DFT cal cu la tion. From the men tioned 
struc tures we had se lected in a semi-ran dom way 100 one
(with one ad di tion cri te ria - orig i nal dif frac tion data must
be de pos ited). For 30 struc tures it was im pos si ble to per -
form the verification - see Tab. 1 for reasons. 
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Fig ure 1. Max i mal bond length dif fer ence ver sus max i mal bond an gle dif fer ence (hy dro gen at oms ex cluded).  Ï - cor -

rect neu tron struc tures, D - cor rect X-ray struc tures, � - ar ti fi cial fraud struc tures



The ver i fi ca tion pro cess was fully fin ished for 70 struc -
tures from the test set. The max i mal bond and an gle dif fer -
ence descriptor visu ali sa tion graph is on the Fig 2.

Pre fil te ring test on the bi g ger structu res sam ple

Based on the is sues with the 100 struc tures sam ple, we had
tried to run some sim pler test on the whole 194017 set.
Even tual com pu ta tional non-ex pen sive pre-fil ter ing can
help to save com pu ta tional re sources as well. The in spi ra -
tion of the test was the PLATON/checkCIF code.

The first test was a test for cor rect space group de ter mi -
na tion. The test checks what ever there ex ist a higher sym -
me try able to de scribe the struc ture or what ever the
struc ture is not de scribed by super cell. The test was done
by the help of Spglib[3] li brary in a sim i lar way as it is done 
by ADDSYM code in PLATON. An is sue was de tected for
622 struc tures (0.32%).

An other test was done for Sol vent Vol ume pres ence
cal cu la tion in the unit cell. The Sol vent Vol ume was cal cu -
lated as sug gested in the BYPASS ar ti cle [4] so it cor re -
sponds ex actly to val ues cal cu lated by PLATON/
checkCIF. 20 057 struc tures (10.34 %) with Sol vent Area > 
40 C3 was de tected.

The last test was done by check ing the cor re spon dence
be tween chem i cal_for mula_sum in for ma tion in the
CIF file and for mula gen er ated from tom co or di nates. A
dis agree ment was found for 45 974 struc tures (23.70%).  In 
most of ten cases the dis agree ment is the re sult of gen er at -
ing more than asym met ric unit cell at oms by CSD Con -
Quest to get a com plete mol e cule. Un for tu nately, this data
can not be used di rectly for DFT cal cu la tion with out
pre-pro cess ing. In a lot of cases the re sults in di cate miss ing
at oms in the struc ture as well. 

Conclu si ons

DFT method can re li ably de tect is sues with in cor rectly de -
ter mined struc tures. Un for tu nately, its use is lim ited by

com pu ta tional re sources, pres ence of met als in the struc -
ture and struc ture dis or der oc cur rence. Only a sub-set of
CSD can be checked by this meth od ol ogy due to mul ti ple
is sues with de pos ited struc tures. Even on a small 70 struc -
tures sam ple from CSD, struc tures with symp toms sim i lar
to fraud struc tures (com pare Fig 1 and Fig 2) can be de -
tected. A test made on large sam ple by the use of super com -
puter, or a test done by al ter na tive meth ods (ML force
field) is re quired for more con clu sions.
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Fig ure 2. Max i mal bond length dif fer ence ver sus max i mal bond an gle dif fer ence (hy dro gen at oms ex cluded) for the 70 
fully pro cessed struc tures.

Is sue descrip ti on
Num ber of
structu res

In cor rect spa ce group 1

Mis sing di sor de red on non sen se hyd ro gen
atoms po si ti ons.

4

Vo ids in di ca ting mis sing sol vents 
(Sol vent Area > 40 C3)

12

To big structu res (per for man ce is sues) 2

Not con ver ging af ter 100 op ti mi zati on steps 7

Not fit ting in used com pu ter me mo ry 1

Du pli ca ted atoms ge ne ra ted over sym me t ry 3

Cor rect ly cal cu la ted structu res 70

Ta ble 1. Is sues de tected dur ing the CSD 100 struc tures test


