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Experiments, calculation, computation: in a shifting balance™

Istvan Hargittai®®, Magdolna Hargittai®*

Budapest University of Technology and Economics, P.O. Box 91, H-1521 Budapest, Hungary
PStructural Chemistry Research Group of the Hungarian Academy of Sciences, Eotvos University, P.O. Box 32, H-1518 Budapest, Hungary




BmMecTo npeancnoBus

Structural Chemistry (2023) 34:1225-1230
https://doi.org/10.1007/511224-023-02167-3

“With further improvement of the
EDITORIAL computational possibilities, the diffraction
data were playing a diminishing role in the
combined analysis. It was increasingly

. _ . . realized that for many tasks, computation
Requiem for gas-phase electron diffraction alone sufficed.”

Istvan Hargittai' - Magdolna Hargittai'

Mo KOMMeHTapuii:

DTO He o3HauaerT, 4YTo ['D 6osblue He Hy)kHa! Haob0opoT, nmeeTcsa orpomHas noTpebHOCTL B
TOYHbIX 3KCNEPUMEHTA/IbHbIX CTPYKTYpax, T.K. AOCTYMHble KX NpnonmkeHnsa nokasbiBaroTt
COMHUTE/IbHYH HAZIEXXHOCTb Ha C/TIOXHbIX 0ObeKTax.



TunnyHasa kainbpoBka Teopun

Molecule Bond Calculated Experiment
CIOH Rou 96.3125 96.35(25)
HCP Rey 107.0748 107.02(10)
H,CS Rey 108.5374 108.56(21)
CINO Ryo 113.5837 113.357(25)
0OCS Rco 115.6183 115.617(14)
HBS Ryg 116.9857 116.98(4)
HCI Ruc 127.3669 127.455
FBS Rep 127.7466 127.62(2)
H,S Rys 133.5272 133.56
PH;4 Rpy 141.1539 141.16(6)
SO, Rgo 141.7940 141.75(20)
SO, Rgo 143.1144 143.080(1)
S,0 Rso 145.5467 145.7(15)
SiH, Ry 147.4221 147.418
PN Rpn 149.1431 149.0866
Si0 Rsio 151.1653 150.9739
HSiCl Rgip 151.469 151.40
SiH, Rgip 151.2962 151.40

Mpobnemsi:

* TOJIbKO MaJ1EHbKNE MOJIEKY/bI.

* HET TAXe/blX aTOMOB.

* HET KOMOUHaUMI “CNOXHbIX” aTOMOB,

* WIrHOpMpoOBaHme NpPeLm3nNoHHOCTH
napamMmeTpoB.

S. Coriani, D. Marchesan, J. Gauss, C. Hattig, T. Helgaker,
P. Jgrgensen, J. Chem. Phys. 2005, 123, 184107.
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r(C—C) B Kpuctannax

CSD 5.43 (ceHTa6pb 2022)

Frequency
20%x10°
15x105-
10000
20000
10x10510000 5000
0 0
1.0 1.2 1.3 1.8 2.0
5x105
ol ‘ , .
1 1.200 1.400 1.600 1.800 2

r(c-C), A



Weighted frequency

OCTOpPOXHO, CTaTUCTUKA B KpucTasiiax!

CSD: pacnpegeneHue r(Si-F):

12|

10

F-Si distances (7084 values, 227 bins)
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Weighted frequency
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Ona cpaBHeHus, r(C-F):

C-F distances (1039027 values, 345 bins)
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OCTOpPOXHO, CTaTUCTUKA B KpucTasiiax!
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Weighted frequency

Si-Cl distances (5678 values, 279 bins)
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OCTOpPOXHO, CTaTUCTUKA B Kpuctannax!

Se-Br distances (911 values, 227 bins)
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Weighted frequency
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r, A
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r(C—C). 9kcnepuMeHThbI B ra30BOW 0
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. Csp—Csp?, z.B. Csp*—Csp?
Csp2=Csp? P p
700F JR o . HC=CH-CH=CH; 2.B. H:C~CH;
600 | Csp=Csp? /Csp3—Csp2
z.B. H,C=CH> z.B. H;C-CH=CH-
o 500
= Csp=Csp Csp—Csp
O = B
% 400 z.B. HC=CH 7.B. H:C—C=CH
c X-C=C=C-Y Csp—Csp
- 300 - z.B. FC(O)-C=CH
2200
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1.2 1.3 1.4 1.5 1.6 1.7
MOGADOC, 2021 C-C bond length, A



Paboyas cxema nccrieaoBaHna CBOOGOAHbLIX MOEKY

LieneBasi monekyna (CnoxHas assi 3kCnepumMeHTa)

[Moxoxune KanmbpoBoUHble MONEKY bl (roAATCA A1 3KCNepUMeEHTA)

|

JKcnepumeHTasibHoe nccriegosaHune (M3, cnekTpockonus)

|

Kannbposka Teopum

]

TeopeTnyeckunii pacueT napaMeTpoB LIeN1eBoit MONEKY/Ibl (CEPUIA MOMEKY/T)

13



[1pumep nonesHoro [ 3-nccnenoBaHnA

'.) Check for updates

GDvCh Communications Angiilydte

How to cite: Angew. Chem. Int. Ed. 2021, 60, 1519—-1523
Chalcogen Bond,'ng International Edition: ~ doi.org/10.1002/anie.202013480

German Edition: doi.org/10.1002/ange.202013480
The Nature of Chalcogen-Bonding-Type Tellurium-Nitrogen
Interactions: A First Experimental Structure from the Gas Phase

Timo Glodde, Yury V. Vishnevskiy, Lars Zimmermann, Hans-Georg Stammler, Beate N
and Norbert W. Mitzel*
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1. lenaem

How to cite: Angew. Chem. Int. Ed. 2021, 60, 1519-1523

MHTepeCHoe ra Chalcogen Bonding International Edition: ~ doi.org/10.1002/anie.202013480

German Edition: doi.org/10.1002/ange.202013480

> The Nature of Chalcogen-Bonding-Type Tellurium—Nitrogen
Interactions: A First Experimental Structure from the Gas Phase

Timo Glodde, Yury V. Vishnevskiy, Lars Zimmermann, Hans-Georg Stammler, Beate Neumann,
and Norbert W. Mitzel*

QDCh Communications Ay

2. TeopeTukn
BO30YyXOaoTCs

=

dte

Correspondence e St Chermie

3. lNepenpoBepsem D

How to cite: Angew. Chem. Int. Ed. 2021, 60, 13144-13149
International Edition: doi.org/10.1002/anie.202102679
German Edition: doi.org/10.1002/ange.202102679

Comment on “T he Nature of Chalcogen-Bonding-Type
Tellurium-Nitrogen Interactions”: Fixing the

Description of Finite-Temperature Effects Restores the
~—— Agreement Between Experiment and Theory

Jan-Michael Mewes,* Andreas Hansen, and Stefan Grimme

Correspondence
How to cite: Angew. Chem. Int. Ed. 2021, 60, 13150—13157 4 YTOl-l HAeM Teopl/ll-o
Go International Edition: doi.org/10.1002/anie.202104899
German Edition: doi.org/10.1002/ange.202104899

=

Reply to a Comment on “The Nature of Chalcogen-
Bonding-Type Tellurium—-Nitrogen Interactions”
Yury V. Vishnevskiy and Norbert W. Mitzel*
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[IpyMeHeHne Teopun

DOI: 10.1002/jcc.27185

Journal of

RESEARCH ARTICLE CHEMISTRY WILEY

High-throughput screening of spin states for transition metal
complexes with spin-polarized extended tight-binding methods

105}
: Hagen Neugebauer! ©® | Benedikt Bidorf @ | Sebastian Ehlert2® |
Andreas Hansen!® | Stefan Grimme?

1045—
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[IpyMeHeHne Teopun

. Angewandte
GDvCh Communications ln:arnagmfﬁﬁﬁnn Chemie
www.angewandte.org
How to cite:
International Edition:  doi.org/10.1002/anie.202301919
German Edition: doi.org/10.1002/ange.202301919

London Dispersion Effects in a Distannene/Tristannane Equilibrium:
Energies of their Interconversion and the Suppression of the
Monomeric Stannylene Intermediate

Wenxing Zou, Markus Bursch,* Kristian L. Mears, Cary R. Stennett, Ping Yu,
James C. Fettinger, Stefan Grimme,* and Philip P. Power*

Ao

Li

SnCl, + Cv"\©/0yp

CyP

. Suppressed .s"“_“,.“-ArCypa

* Facile cyclization empowered intermediate \Arcws

by London dispersion attraction

ArCyp3  ArCyp3 AT

Ao " Arow2 Ao
Et,0 ArCYR3 %, sn ArCyp3 %, v N
", % ArcY3_ ™,
K —_— > “,
—_— sn—sn.. + —_— 0 —sn.. N —s
o ap (Cyp3 g Cyp3 N =80, 01
-78°C, 12 h \ Sh——%n.. toluene \ \ Ar
ArCyP3 ArCyp3 “p  CyP3 Aryes Aro¥3
r

Lt Cyp3
I =k = * Thermal stability

* New cyclotristannane * Different level of stabilization conferred by two different DED ligands
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[IpyMeHeHne Teopun

GUDCh Research Articles

Asymmetric Catalysis

Angewandte
International Edition Ch emie
www.angewandte.org

How to cite: Angew. Chem. Int. Ed. 2023, 62, €202309525

doi.org/10.1002/anie.202309525

A Nuclearity-Dependent Enantiodivergent Epoxide Opening via
Enthalpy-Controlled Mononuclear and Entropy-Controlled Dinuclear

(Salen)Titanium Catalysis

Shengxiao Li, Hui Zhu, Longfei Li, Wanjiao Chen, Jie Jiang, Zheng-Wang Qu,*

Stefan Grimme, and Yong-Qiang Zhang*

0

LR R |
L*M Enthalpy Entropy
controlled controlled

L*M = (Salen)Ti"

Y

L

ML*

|
OH

RIS

+/ Control experiments + Kinetic analysis « DFT studies

+ Anhydrous VS Moist Conditions
+ Mono- VS Dinuclear Catalysis

+ Enthalpy- VS Entropy-controlled
Enantiodifferentiation
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BaxkHocTb Teopun: Recent Advances in Lewis-acid Chemistry




NnnHHble C—C cBA3N
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Overcoming lability of extremely long alkane
carbon-carbon bonds through dispersion forces

Peter R. Schreiner’, Lesya V. Chernish?, Pavel A. Gunchenko?, Evgeniya Yu. Tikhonchukz, Heike Hausmann', Michael Serafin®,
Sabine Schlecht®, Jeremy E. P. Dahl*, Robert M. K. Carlson* & Andrey A. Fokin"?

JAIC'S

JOURNAL OF THE AMERICAN CHEMICAL SOCIETY

pubs.acs.org/JACS

hem
c Stable Alkanes Containing Very Long Carbon—Carbon Bonds

Andrey A. Fokin, ** Lesya V. Chc?rnish,L Pavel A. Gunchenko,™ Evgeniya Yu. Tikhonchuk,*
Heike Hausmann,” Michael Serafin,* Jeremy E. P. Dahl,! Robert M. K. Carlson, and Peter R. Schreiner**

Longest C-C Single Bond
among Neutral Hydrocarbons
with a Bond Length beyond 1.8 A

Yusuke Ishigaki,’-* Takuya Shimajiri," Takashi Takeda,'? Ryo Katoono,! and Takanori Suzuki'**

fluorenylidene)methane

Ryohei Kishi, and Masayoshi Nakano

Long Carbon—Carbon Bonding beyond 2 A in Tris(9-

Takashi Kubo,™ Yuki Suga, Daisuke Hashizume,™ Hiroki Suzuki, Tatsuya Miyamoto, Hiroshi Okamoto,

Cite This: J. Am. Chem. Soc. 2021, 143, 14360-14366 I:I Read Online

21



T. Kubo, Y. Suga, D. Hashizume, H. Suzuki, T. Miyamoto, H. Okamoto, R. Kishi, M. Nakano,
J. Am. Chem. Soc. 2021, 143, 14360-14366.

2.04 A Ap = 0.03 e/A3 1500 dog.ca = 2.042 A
\ / A=518 nm ) Oca-c1-c3 = 89.2°
\ c-\-'--c ’ 5(13C) = 82.9 ppm E 1000-;
WBI = 0.485 T dca.ca = 2.506 A
AE(S-T) = 138 kd/mol = 518 nm . afbeorcs=1149°
O Diradical Index = 12.8% '

A

= 138
G2 C3 T4(relaxed)
24.9)
¢ —_— TN
C1 Sp (at 90K)
B3LYP-D3/6-311+G**
N
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AueHaTeH: Halwle ['D nuccnegoBaHme

2 ROYAL SOCIETY
OF CHEMISTRY

PCCP
PAPER s
W) Check for updates Accurate single crystal and gas-phase molecular
structures of acenaphthene: a starting point in the

Cite this: Phys. Chem. Chem. Phys.,

2023, 25, 11464 search for the longest C-C bondf

Yury V. Vishnevskiy, 2 *® Arseniy A. Otlyotov, ©° Jan-Hendrik Lamm, (22
Hans-Georg Stammler, (22 Georgiy V. Girichev® and Norbert W. Mitzel (2

23



Yu. V. Vishnevskiy, A. A. Otlyotov, J.-H. Lamm, H.-G. Stammler, G. V. Girichev, N. W. Mitzel,
Phys. Chem. Chem. Phys. 2023, 25, 11464-11476

R = CH, (4a)
R = O (4b)
RR RR & / Kpuctasn [a3
“c—c” d(C-C)(s)[A]  d(C-C)(g)A]
\ C:---C 1 1.670(1) 1.737(44)

OO | 2 1.704(4) na.

3 1.71 n.a.
(R = H (5a) — this work) Q.O 4a  1.647(4) 1.630(5)
R = 4-t-Bu-CgHa (5b) ab  1.642(2) 1.632(5)

R = CgH5 (5¢) 6 5a
5b 1.708(4) n.a.
5¢ 1.701(3) n.a.
5d 1.746(3) n.a.
6 2.0415(5) n.a. 24
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Kakyo MO/TEKYTAPHYHO O

DYHKLNIO BbIGpaTh?

(\/\/ Imol S4Imol
Itot — Imol + Iat + B /\j
M — Imol/Iat SM — SXImol/Iat

20 30

26



Beca akcnepuMeHTas1bHbIX MHTEHCUBHOCTEN

2
— sM(s) (m)?i]

W(GED) = Ogm

< A1 20 25 30

YcpeaHeHne nosHbIX MHTEHCUBHOCTENA.
OuyeHb HU3Kas NPEeLN3NOHHOCTb
MOJ1EKYNISAPHON MHTEHCUBHOCTW!

2 sM(s) = — Zxs OM =< XS

\MMWWWMW

0 5 10 15 20 25 30
s/AT

YcpeaHeHne MonekynspHbIX MHTEHCUBHOCTEIN.

Bbicokasa npey3moHHOCTb!
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C YeCTHbIMW CT. OTKIIOHEHNAMW BCe BapUnaHTbl 3KBNBaJIEHTHbI

Imol S4Imol
Itot — Imol + Iat + B
| | |
M — Imol/Iat SM — SXImol/Iat
| | | |
0 10 20 30 10 20 30
s, At s, At
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r(C—C) B aLleHaTeHe

MeTtoa
r2+MB
PCA
CCSD(T)
r’SCAN-3c
PBEh-3c

r(C1—C2), A
1.560(4)
1.5640(4)
1.562

1.564

1.556

P(r)
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nmepsbl AnamaHTaHa

\CTOUYHWK 3KCMEPUMEHTA/IbHbIX AAHHbIX A5
Ka/IMOPOBKN TEOPETMUYECKUX MPUBAVKEHNIA.

B 3TOM MccneaoBaHUN K/OUYEBYHO POSb
UrpaeT ra3oBasi a/1IEKTpoHorpadus!

A. A. Fokin, T. S. Zhuk, S. Blomeyer, C. Pérez, L. V. Chernish,

A. E. Pashenko, J. Antony, Y. V. Vishnevskiy, R. J. F. Berger,

S. Grimme, C. Logemann, M. Schnell, N. W. Mitzel, P. R. Schreiner,
“Intramolecular London Dispersion Interaction Effects on Gas-Phase and
Solid-State Structures of Diamondoid Dimers”,

J. Am. Chem. Soc. 139 (2017) 16696.

MeTop,

PCA

ra

ra+mMB

B3LYP/cc-pVTZ
TPSS/cc-pVTZ
HF/cc-pVTZ
B97-D3/cc-pVTZ
r’'SCAN-3c
TPSS-D3/cc-pVTZ
B3LYP-D3/cc-pVTZ
wB97XD/cc-pVTZ
PBEO/cc-pVTZ
MO06-2X/cc-pVTZ
PBEh-3c
SCS(1.2;2/3)-MP2/def2-QZzVP
PBEO-D3/cc-pVTZ
B3PW91-D3/cc-pVTZ
PW6B95-D3/def2-QZVP
ae-MP2/cc-pwCVTZ

O-anmep
1.643(1)
1.632(9)
1.632(5)
1.662
1.658
1.652
1.651
1.645
1.642
1.642
1.638
1.637
1.636
1.632
1.629
1.628
1.627
1.626
1.622

Oumep
1.647(4)

1.630(5)

1.674
1.668
1.664
1.662
1.655
1.652
1.653
1.648
1.648
1.647
1.642
1.640
1.638
1.636
1.636
1.633

30



icnonb3yem Teopuio:

@%@ w0

R =CH, (4a)
R = O (4b)
R R Kpuctann [a3
RS —c"'R b d(cp—C) (s)[A]  d(C-C)(g)[A]
1 1.670(1) 1.737(44) [1.633]
O 2 1.704(4) [1. 686]
3 1.71 [1.694]
(R = H (5) — this work) Q.O 4a  1.647(4) 1.630(5)
R = 4-t-Bu-CgHg (5b) 4b  1.642(2) 1.632(5)
R = CgH5 (5¢) 5a 1.5640(4) 1.560(4) [PBEh-3c]
5b 1.708(4) [1.680]
5¢c  1.701(3) [1.678]
5d 1.746(3) [1.704]
6 2.0415(5) [1.653] 31
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[MpeackasbiBaem

BO3MOXHblE

BapuaHThl c—cC

pacyetamm _C/( C—C/( J/ \L

doTop3ameLleHHbIX R R
2 3 )

AdHaJ10IOB. R = CH, (4a
R = O (4b)

RR Rp & / Kpuctann [a3 [a3
*c—c¢” f d(C-C) (s) [A]  d(C-C)(g) [A] d(C-C) (9) [A]
\ C----C dTOp-3ameLl.

| 2 1.704(4) [1.686] [3.918]**
3 1.71 [1.694] [3.936]**
(R = H (5a) — this work) O'O 42 1.647(4) 1.630(5) [2.417]*
R = 4-t-Bu-CgHg4 (5b) 4b  1.642(2) 1.632(5) [2.168]*
R = CgH5 (5¢) 6 5a 1.5640(4) 1.560(4) [1.584]
5b  1.708(4) [1.680] [1.700]
5c  1.701(3) [1.678] [1.725]
5d  1.746(3) [1.704] [1.691]
6 2.0415(5) [1.653] [1.691] 33




[MpepckazaHne ana 5¢ npm R = Ceks

PBEh-3c:

r{(C—C) = 1.725 A

34



[pyrne BapnaHTbl ¢ AsitHHON C—C

. I CHEMISTRY
®*xChemPubSoc A European Journal
\{* Europe DOI: 10.1002/chem.201805145 Full Paper
I Carboranes
Icosahedral Carbaboranes with Peripheral Hydrogen- A
Chalcogenide Groups: Structures from Gas Electron Diffraction re = 1.750(28)
and Chemical Shielding in Solution
Tomas Base,” Josef Holub,” Jindtich Fanfrlik,” Drahomir Hnyk,*® Paul D. Lane, ¥
Derek A. Wann,” Yury V. Vishnevskiy,**® Denis Tikhonov,”® "9 Christian G. Reuter,” and
Norbert W. Mitzel*®

1,2-(EH).-kno30-1,2-C,B1oH10, E = S, Se

Cwm. Takxke: J. M. Oliva et al., J. Am. Chem. Soc. 2005, 127, 13538.



QTAIM yKa3biBaeT Ha Ha/imyme CBsA3Nn

1,2-(SeH),-kno30-1,2-C.;B1oH10

<
‘ |
(T % \

LT/

c R

:\T

p =0.16 a.e.
Ap =-0.08 a.e.
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BbiBOAbI

3assneHHoe Kubo ¢ coasTopamu r(C—C) = 2.04 A kpaiiHe COMHUTENbHO A1
CBOOOAHOWN MOEKY Nbl. DTO NapameTp Kpuctasnna!

Y Mosieky/ Ha OCHoBe alleHadTeHa ecTb noTeHuman ans yannHedms C—-C cBa3n
NYTEM UCMNO/b30BaHUSA NepdTop3aMeLLEHHbIX rPynm.

[a30Bas 3/1EKTPOHOrpadns — He3amMeHUMbIA UICTOYHUK KCNEPUMEHTaIbHbIX
[laHHbIX O TEOMETPUN CBOOOAHbLIX GOLLUNX MOSEKY/I.

[enatb pacyeTbl MOXXHO M HY)XXHO, HO A19 3TOro HeO6XO,£I,l/IMO KaJ'II/I6pOBaTb TEOPUIO.

[aBaiiTe BblOMpaTb ANA 3KCNepMMeHTaslbHbIX NCCef0BaHNii MakCMasibHO
nonesHble 06bEKTbI (CMOTPU KapTy CBA3EN).

Ecnn pe3yneraTtbl 3KCNEpUMEHTas/IbHOIo nccaenoBaHna NO/IHOCTLIO COBNasin C

npeacka3aHneM, TO LleHHOCTb Takoi paboTbl HEBE/MKA. N



	Slide 1
	Slide 2
	Slide 3
	Slide 4
	Slide 5
	Slide 6
	Slide 7
	Slide 8
	Slide 9
	Slide 10
	Slide 11
	Slide 12
	Slide 13
	Slide 14
	Slide 15
	Slide 16
	Slide 17
	Slide 18
	Slide 19
	Slide 20
	Slide 21
	Slide 22
	Slide 23
	Slide 24
	Slide 25
	Slide 26
	Slide 27
	Slide 28
	Slide 29
	Slide 30
	Slide 31
	Slide 32
	Slide 33
	Slide 34
	Slide 35
	Slide 36
	Slide 37

