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Nekuusa 6.

BonoponononobHbIiv atom.

OnTuyeckue cnekTpbl aTomos. KonebartesnbHble
U BpalaTenbHbIe YpOBHU 3HEPrum Monekyn.

B.H.IMma3kos, M®TU 2022



YacTb 1. BoaopoaononobHbIv atom:
NpOCTbIe CNOCObLI KYBUAETL» ATOM U
HeKoTopbIe pe3ysnbTaTbl CTPOrou Teopum



OnTuyecKkue cnexkTpbl aTOMOB

i_..!._.___h

e B

{MNa) Sodium

(H) Hydrogen

(Ga) Calcium

(Mg) Magnesium
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(MNe) Neon .I! ‘ ‘
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ttps://socratic.org/questions/why-are-atomic-spectra-of-an-element-discontinuous



OnbITbI JleHrmropa

Taxske cm.: Irving Langmuir, Surface Chemistry (Nobel Lecture), 1932,
https://www.nobelprize.org/nobel prizes/chemistry/laureates/1932/langmuir-lecture.html

Scott Milam @ youtube.com, Chemistry lab oleic acid, 2017,
https://www.youtube.com/watch?
v=MOHemm;j1nTg



Ewe Heckonbko cnocobos...

ATOMHbIN CUTOBOU
MWUKPOCKOnM
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EP6, University of Augsburg, AFM images gallery,
2012, http://www.physik.uniaugsburg.
de/exp6/imagegallery/afmimages/afmimages e.shtml
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TUNUYHbLIE XapaKTEPUCTUKU aTOMGA

OHeprus cBsi3n (HepPrns NOHM3auuu,
QHEpPrnn nepexonos Mexay YpPoBHAMU
arieKTpoHa B aToMe):
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Pasmep atoma (MeXaToMHbIe
PACCTOAHMUSA, pasMepbl « ManeHbKNX»
MOJIEKyn)
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BonoponononobHbIv atom: cuctema AByx
Ten
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BonoponononobHbIv atom: cuctema AByx
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TouHoe peleHue ypasHeHus
LLipeanHrepa B KyJIOHOBCKOM nosie




TouHoe peleHue ypasHeHus
LLipeanHrepa B KyJIOHOBCKOM nosie




TouHoe peleHue ypasHeHus
LLipeanHrepa B KyJIOHOBCKOM nosie
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Bua HekOTOpbIX BONHOBLIX (PYHKLUU
3/1eKTpOHA B aTOMe BOAOPOAQA
(yrnoeas 4acTb).
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Bua HekOTOpbIX BONHOBLIX (PYHKLUU
3/1eKTpPOHA B aTomMe BOAOPpOAA
(paamanbHag YacThb).
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O mopenu bopa atoma BoaopoAa

KBasuknaccmuyeckoe rnpasuiio
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O mopenu bopa atoma BoaopoAa

CnyyaiiHbiM 06pa3oM Moaenb  E—
Bopa faeT npaBuUsbHbIi
pesynetat Ans £(n) Ans BCeX n.

ECTb npoBepsdgemMoe pasnuyuve c

TOYHbIM pe3ynsTaToM Ans n=1: KBa3uknaccu4deckoe npaBumo
bopa-3ommepdenbaa
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[=1(bop) vs. [=0 (TOYHO)




YacTb 2. CNeKTpbl aTOMOB U MOJSIEKYJST:
OLeHKM macwTabos



CnekTpbI ATOMOB: MACLITAbLI 3Hepruu

{MNa) Sodium

(H) Hydrogen

(Ga) Calcium
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(Ne) Neon 8, I : Hi \ ‘ ‘H H'

(Mg) Magnesium

https://socratic.org/questions/why-are-atomic-spectra-of-an-element-discontinuous



CneKTpbl MONEKyN:MacwTabbI 3Heprum

Monekyne noaa |, KeaHT
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http://alkaad.com/pe-1600-iodine-molecular-spectroscopy.html
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BpaliartenbHble ypoBHU B

monekyne CF,, CBY-cnekTp (1
CM), kKBaHT ~10* 2B

Part of the rotational spectrum of trifluoroiodomethane, CF3
https://en.wikipedia.org/wiki/Rotational_spectroscopy
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ObpasosaHue MonekyJ
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HaueHas oueHka B «moaeniv nyanHra»
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MonekynapHbie cTeneHu csoboabl




MonekynapHbie cTeneHu csoboabl

Aonabartnyeckoe NpubnmxeHme:
3/1EKMPOHHaH,

KorebameribHas,
gpawjameribHasi
cTeneHu csoboabl - He3aBUCUMBbI




BpawatenbHble U konebaTesbHbIe
cTeneHu ceoboabl MOJSeKyn




BpawatenbHble U konebaTesbHbIe
cTeneHu ceoboabl MOJSeKyn




KonebaHus AByXaTOMHOU MOSeKy bl




CpeaHsa 3Heprusa ocumnnaTopa B
TennoBOM paBHOBECUU




CpeaHsa 3Heprusa ocumnnaTopa B
TennoBOM paBHOBECUU
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OueHka KonebaTenbHOro KBaHTA
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OueHka KonebaTenbHOro KBaHTA
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BpaleHue asyxaTtomHOU MOneKyJ bl




BpaleHue asyxaTtomHOU MOneKyJ bl
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BpaleHue asyxaTtomHOU MOneKyJ bl
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BpaleHue asyxaTtomHOU MOneKyJ bl
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TennoemkocTb monekynsl BOAOPOAA
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Fig. 3.—Specific heat of hydrogen.

pucyHok n3 ctaten R.E.Cornish and E.D.Eastman “The specific heat of hydrogen
gas at low temperatures...”, J.Am.Chem.Soc. 50, 627 (1928)



TennoemkocTb monekynsl BOAOPOAA
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OueHKa BpalLaTesIbHOro KBAHTA 3Hepruu
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CpaeHeHWe macwTabos pacluensieHUs
CNeKTpoB
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YacTb 3. «Hynesbie konebaHus»
OCLUUNNATOPA: MOSEKY bl U ATOMbIL B
Kpuctanne



«Hynesble konebaHua» B monekyne
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«Hynesble konebaHua» B monekyne
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«Hynesble konebaHua» B monekyne
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«Hynesble konebaHua» B monekyne
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«Hynesble konebaHua» B monekyne
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CTporuv pesynbTar
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«Hynesble KosiebaHUa» B KpUcTanne:
C/ly4an (pa30BOU AUATPAMMBI Fesius
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F.Pobell, «Matter and Methods at Low Temperatures»



YacTb 4. TTpyumepbr BOAOPOAONOAOOHBIX
aQTOMOB



Boaopoa v ero usotonsi, WenoyvHsie
MeTannbl, UOHbL...
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MeTannbl, UOHbL...
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Boaopoa v ero usotonsi, WenoyvHsie
MeTannbl, UOHbL...
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BHyTpeHHUe 0605104KU CITOXKHBIX
aTOMOB. XapakTepuctuyeckoe

U3nyJyeHue
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CnekTp peHTreHOBCKOro U3ny4veHust B Tpybke ¢
pooneBbIM aHOOOM MPU SHEPrnn anekTpoHoB 60kaB.
http://en.wikipedia.org/wiki/Bremsstrahlung
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Cepusa hoTonnacTMHOK C 3anUCbIo JIMHUIA XapakTepUCTUYECKOro
PEHTIEHOBCKOIO M3MyYeHus pasHblx Matepuanos n3 pabotel Mosnm (1913).
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C cawita University of Wisconsin—Madison, EPMA History - Some documents
and oral history links, 2016, http://www.geology.wisc.edu/~johnf/g777/EPMA-

history.html




BHyTpeHHUe 0605104KU CITOXKHBIX
aTOMOB. XapakTepuctuyeckoe
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«IK30TUKA»: Me30aTOMbI, MO3UTPOHUM,

\
npOTOHMI/l...
2 4
P MZeﬂe 1
n-—_ 2h2 2
n
hZ
s E eop (2D 15)=16.41 MeV
u eff
88— v
o - | f
»n T2 -
-
: \ ‘\X
S ss|—
J a8 el o : =
; 40—
E 32— \-
£ 2 - .
16— \.”
e ©
8l— | ! ° 'l
0 2 3 4 5 6 T ° > °
- OkcnepumeHT (Fitch,
ENERGY—MEV L inwater 1953), Pb+y (2=82)




JKCUTOHBI B NONTyNpOBOAHUKE
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Optical density
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T. Kazimierczuk, D. Frohlich, S. Scheel, H. Stolz and M. Bayer, Giant Rydberg excitons in
the copper oxide Cu20, Nature, 514, 343 (arxiv 1407.0691)(2014)
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