OUSNYECKHWUE METO/bI
NCCIIEJOBAHNWA B XUMNWHA

JlokmmH boprc BennamuHoBuy,

3aB. J1a0OpaTopuei MOJIEKYISIPHON

criekTpockonuu M

H50C PAH



JAJTAYMN:

1. Pa3ze/ieHne 1 04HCTKA BEMECTB.

2. YCTAHOBJICHHE COCTABA U MOJICKYJIAPHOI MACCHIL.

3. YCTaHOBJICHHE CTPYKTYPhI MOJICKYJ H KPHCTALIOB (PACIIOJIOKEHIE
ATOMOB, JIJINHbI CBsI3€ii, BAJICHTHBIC YIJIbI, YIIAKOBKA MOJICKYJI B
KPHUCTAJLIIE)

4. NMHAMHYCCKNE CBOMCTBA CUCTEMbI: MMOJABIKHOCTH MOJIEKYJI B
KOHJICHCUPOBAHHLIX (pasax, pa3oBbie nNepexoabl, NOABIKHOCTD
OT/JCJILHBIX TPYII B MOJICKYJIC (TAYTOMEPHS, BHYTPCHHEE BPAIICHHE).

5. Me:KMOJICKYJISIPHBIC B3aUMOACIHCTBHS (BOAOPOAHBIC CBA3H U JP.).

6. JHEPrEeTUICCKUE CBOMCTBA ATOMOB H MOJICKYJL.

7. B3auMHoOe BJIMSIHIE ATOMOB U IPYIII B MOJICKYJIE.

8. KuHeTnKa u MEXaHU3M PEaKIuid.

9. OKNC/MTEIbHO-BOCCTAHOBUTEILHBIC CBOICTBA.

10. IIpupoaa xuMnuecKkoi CBsI3H.



Kiaaccudpukanuss MeToa0B:

MeToabl XUMHYECKHE
(AHAJIMTHYECKHE H CTPYKTYPHbIE)

® XHMHYECKHH COCTAB (C:KHTaHHe).

* OYyHKNHMOHAJIBHBIA XUHMHYECKHH aHAIN3
(comepskanme rpynn uJjid HOHOB,
KavyeCTBEHHbIC PEAKIHH).

¢® BerpeyHbId CHHTES.



MeToabl (pr3udecKUe

AHAINTHYCCKNE MeTOAbI | CTeKTpockonus:
(OMHCCHOHHAA, PEHTIeHO-

(¢p1yopecuieHTHAA. ILIAMEHHAaS,
ATOMHO-2/ICOPOIHOHHAS,
crieKTpodoToMeTpHA)
HellTpOHHO-AKTHBAIMOHHBIA AHAJIH3

Pas aeJieHue cMecen Xpomarorpadus (I'azo-xuakocrHas,
YKHIKOCTHAS, IeJib-T POHHKAIOIIA,

HOHHOOOMEHHA, HA OyMare H Jap.)

Onpeneienue Auddysus, cexmvenranmus,

cBeTOopaccessHHe, MACC-
MOJCKYJ/ISAPHBIX Macce
CIIEKTpOMeTpHH, KPHOCKOIIH A,

30 VIHOCKOIHSA, YIIPYTOCTh mapa.

MHKpOCKOHHH Onrudeckas, 3J1eKTPOHHANA, ATOMHO-
cHJIOBasl.

e JEKTPOXHMIS OKHCIHTEIBHO-BOCCTAHOBUTE/IbHbIE
MOTEeHIIHAJIbI

TepMoxumMus TenoTsl cropanns, JHepruu cBsseil.

CprKTyprle MEeTO/IbI Teopernueckue (KBAHTOBAS XUMHS)

BKCHCDH MEHTAJIbHbLIC




JIKCIepUMEHTAIbHbIE CTPYKTYPHbIE METO/IbL.

U

CriekTpaibHbIe He criekTpanbHbie

1. Bzaumo IeiicTBHE BEITeCTBA C TIOJIEM (DK TPUYUCCKUM,
MAarHUTHBIM ).
2. BzaumoielicTBHE BEIIeCTBA ¢ U3TyUYeHUEM (OT Y-
PaJIMOBOIIH ). JIy4er 10
3. BzaumoielicTBHE BeIecTBa ¢ ITOTOKOM YacTHII (JIEKTPOHHL,
HEUTPOHHI.
Pdusnyeckne MeTo/bl, Kak [PaBUJI0, SBJISOTCS
HEpaspymMAIIMN (MCKIIYEHHE - MACC-CIIEKTPOMETPHS)

He cnieKTpajibHbIE METOAbI

Macc- Audpax-  Duaexkrpu-  Onruvec- MarHurHbie
CIIEKTPO- IHOHHbIE YyecKue KHe CBOICTBA

MECTPHS METO/AbI CBOICTBA CBOMCTBA



AJUVIMTUBHBIE METO/1bl

MouekyasapHada pegpakuusa:
-1 M N — nokasaresb NpeioMneHus
MR = . _
"+l d M - MonekynapHas Macca
d - NANOTHOCTb NPV AaHHOM
TemMneparype

MosekyJsipHas peppaxumsi
aToMHbBIX pedpakiuit (st D-1MAwgINIBITh BEIpakKeHa CyMMO#M



Tabauya 28

ATomHble pedpakuuM

ATomHas pedrarkius
aas1 MUHANR BOAODOIAa
Dnement ,:ggp:::mg, Hy —H,
: Hy Hg Hy
Yraepon (C npocTbiMU CBS3SIMU) 2,418 2,413| 2,438 2,466 0,056
BOHOPOL < & o & & s & @ ® 5@ 1, 100 1,092 1,115 1,122 0,029
Kucaopon '
B rHAPOKCHJIE . o o o . . 1,525 1,522{ 1,531 1,541 0,015
B shupax e e e e 1,643 1,639 1,649] 1,662 0,019
B8 KapOOHUJLHON rpynmne . 2,21} 2,189 2,247} 2,267; 0,073
A3zor '
B a/udhaTHyecKHUX anni.ax
NnepByuyHsIX . . . . . 2,322 2,309; 2,368 2,397 0,086
BTOPHYHbLIX . . . . . 2,499 2,475 2,661} 2,603 O,119
TpeTUYHbLIX . . . . . 2,840 2,807 2,940; 3,006 0,186
B HATDMAAX . . . . . . . 3,070 | 3,054| 3,108 3,129 0,065
B UMULAX (—N==-r<‘) _ 3,776 | 3,740| 3,847 3,962 0,220
RIOD ; = s iie % 5 .8 5 5 - 8 5,967 5,933| 6,043| 6,101 0,168
By & o s % 5 o 5 5 a2 8,865 | 8,803 3,999 v,152| 0,340
Hon S Ml e SR e A B R 13,900 13,757]14,224|14,521 0,775
HNukpemenT
3THJIEHOBOH CBSI3w . . . . 1,733 1,686 1,824( 1,893| ,200
aleTHJIEHOBOA CBSiIZ3H . . . 2,398 2,328| 2,506/ 2,538] 0,171




OunonbHble MOMEHTDI
P- Moneky napHas nonsapusaums

B e—1 M =47r No(a+'u—2
c+2 d 3 3kT
N, - uncno ABoraapo - AMNONbHbI MOMEHT
€ - ANaneKTpuyeckas k - nocTosiHHasA
NPOHMLIGEMOCTb bosnbLmMaHa
o- MOJIEKY JiipHast
NoOSIAPU3Y EMOCTb
M3 3aBucumoctu P ot T a
b ( P =a+ B/T onpenensitor  u
YroJl HAKJIOHA). b %ﬂ N, %2 :

Y4yuThiBas YUCJICHHbBIE 3HAYECHU S 1=0,0127b .
JIMNIOTbHBIA MOMEHT MOJIEKYJIbI BRIPAXKACTCS KAK
BEKTOPHAS CYMMa JIATIOJbHBIX MOMEHTOB CBSI3€EM.



[Tapaxop

o = o(d-5)’ Mo
lMapaxop P=4 5  wm
P - MGIM
- d

G- NMOBEPXHOCTHOE HaTsKEHNE YXUOKOCTH,
d - NJIOTHOCTB,

O- MJIOTHOCTb Napa,
C- MOCTOAHHaS.

[apaxop MOXET 6bITb NPeACTaB/EH Cy MMO aTOMHbIX MapaxopoB
1 UHKPEMEHTOB CBS3EN, LIMKJIIOB U ApP. CTPYKTYPHbIX SIEMEHTOB.



AtomHbIe n0au mapaxopa Il npu pacuyere meronom Mak-I'oysna (:x

Jj1eMeHT
Al

As

B

Bi

Br

C
Cd
Cl
Cr
F
Ga
Ge
H

Hg

11

1,07
1,46
0,89
1,96

1,35

0,89
1,46
1,10
1,42
0,60
1,21
1,44
0,47
1,49

dJIeMeHT
I

Ir

Mn

N

Nb

I

1,76
1,51
1,46
0,75

1,58

1,83
0,64
1,60
1,24
1,96
1,81
1,67
1,80

VdqongS

Jj1eMeHT
S

Se

Sb

Si

Sn

Ta
Tc
Te
Ti

£ < C

/

2'MOJ’II)_1)

Il

1,19
1,37
1,72
1,25

1,71

1,60
1,57
1,73
1,60
1,90
1,55
1,56
1,64



MarHuTHas BOCNPUUMYUBOCTD

M= ZYa+ ZA Y m-MarHuTHas
BOCNPUMMYUBOCTb
MONEKY bl
%A - aTOMHaA
BOCNPUMMYNBOCTb
A - HHKpeMeHTbI cBA3ei U
rpynn aToMoB



Macc-cnekTpomerpus. BemecTBo
MOHU3UPYETCA MO IEUCTBUEM
3JIEKTPOHHOTO yjiapa, U3JIyYeHUS

(

AAICPOERIM DG EA DA BMOBLINAI S RERGIM
OJIE.

M+e—> "+2 ; M+e—
Mo.exkyMpAbiii HOH - M
MOJIEKYJIAPHOM MaCChI OTIPECIICHIE
OcCKo0J/10YHBIE HOHBI -

MOJIEKYJIBL, 13 KOTOP AR MMKHBPEOCTABUTE

e€ CTPYKTYPHYIO (hOPMYVITY.



IncdpakunoHHbIe MeToabl

PaccesiHne oT nopolukoB MeXnnocKOCTHble

(nebaerpammbl). PacCTOsHUSA.

PeHT reHoCT PyKT YpHbIU

aHas/ms3 KoopanHaTbl aTOMOB,
OneKT poHorpapus napamMeTpbl

Hent poHorpapus afleMEHTapHON SYENKN




PRINCIPLES OF INTERFERENCE

a.) Phase difference (¢ = 0) :
A+ Ay

|

: /\/\
s /V\
constructive

b)e=mn/2
}v] an ;\;2

5% /\A
A2 M partially constructive

|

cle=m

N
AN

AT Ay

|

destructive



N3ayuenne: A= c/v=ch/E E =hv

v=E/h
Yacruna: A=h/mv
A TO/KHO OBITH OJIM3KO MJIM MEHBIIE PACCTOSHUS
MEXKTy aTOMaMH (JJIMHA BOJIHBI IOJDKHA OBITE & 1A)

A=AQ’-BO =
r(Sino,-Sino,)

Ipacc C
T R
10 o B

| 'ge’

Y =5 =R
A

A =nA\ - BOJIHBI CYMMHPYIOTCSH

A= (2n+1) A/2 - BOJIHBI BLIYHTAIOTCS.

A = r(Sina, - Sina,)/n <<r,

T.K. (SInQ, - Sino;)/n <1




Penmeenoeckas ougppaxuus:
A, ~ 10 M = 10w = 1A
(PaccesiHue Ha 3JIEKTPOHAX).
Kpucrananbl, 1014 MM.

Dnexkmponozpagus: Az~ 5.10° um (E = 40-60 >B)
(PaccesiHue B 3JIEKTPUYECKOM I0J1€,
C031aBaeMoOM SiIPAMH U 3JIEKTPOHAMHU).

I'a3bl 1 Tonkue miaeHku (10°-10°cm).

Heimponozpagusa: A,~ 10" um (PaccesiHue Ha

siApax).
Kpucraajbl, HCKOJIbKO MM.




PacceuBaromasi CrnoCoOOHOCTb:
I,:L,:1,.1:10°: 107,

f
PeHTT
SnekTpoHorpadus
/
T HetpoHorpagua
| | f - aMNTYa paccesHna
0 50 100 Z Z.- atroOVHbIA HOMED

f(0) ~ Z (manbie yrabl);  Z'* (6osbiuue yribi)
f,(0) ~ Z*
f. (0) - sBHO He 3aBUCHUT 0T Z.



CIIEKTPAJIBHBIE METO/IbI
B3aumoaencTBHE BElIeCTBA C
3JIEKTPOMATHUTHBIM M3JaydeHueM. Ilepexoabl
MeXKAY KBAHTOBBIMH COCTOSIHUSIMH.

1. IHepeemuueckue COCMOAHUA AMOMO8 U
MOJIeKY L.
2. Onpeoenenue pasHocmu IHep2emuuecKux
YPOBHEU no uacmome nepexooa
v=(E;- Ej)/h = AE/h.
3. Onpeoenienue 6eposamHocCmu nepexooa no
UHMEHCUBHOCHIU NOJIOCHL.



Ilorjomenue,
UCITYyCKAHUE,
paccestHUE.

DoTO3IEKTPOHHAS
CIIEKTPOCKOIINS,
HEYIIPYroe paccessHue
HEHUTPOHOB,
O:ke-CreKTpoCcKonus
(B3auMoOaercTBHE C
3JIEKTPOHAMM )



Electric field

; !

Magnetic field

Direction

Electric field strength

= of
propagation

Figure 10.1

Plane-polarized electromagnetic radiation
showing the electric field, the magnetic
field, and the direction of propagation.

e A >
l Time or distance




BOJIHOBBIE XAPAKTEPUCTUKHU U3JTYUYEHUSA

1, . V-uwacrora 1c¢'=1Tm 1kl'u=10Tn
v="—(C") T-mepwox  1MIm=10°Tu 1ITu=10"Tn

2 = c_ 1 V - BOJHOBOE UHCJIO (em™) v=1/A
v o Im=10mMm=10"mm=10" A
n=c/v C - CKOPOCTH CB€TAa B BAKYYMe€ A = A/n

V - CROpOCTH CB€Ta B CpPCIac

Bosayx n=10003 vm¢ A=N

v{dm Vv (o)
310°%om/c) 3107 110
V(r ’-D = - ) - 1 )
Mem) (M) (cM)  A(HM




KBAHTOBBIE XAPAKTEPUCTUKU

N3JIYUYEHUA
E =hv h =6,62.10> Ix ¢
19pr =107 Ix 1 kxan = 4,19.10° Ix

1B =1,60.10" Ik = 3,84.10 kkau = 23,1 kxaa/Moab =

8061 cm™’

Mum) = 107/v(em™) = 28591,2/E (kKkan/Mmouib) =

1239,81/E(3B)

v(em™) = 0,349758.10°E (kxan/moan) = 8,06575.10°E(3B)
=107/ Mum)

400 am = 25000 cm™ =3,1 3B = 71,5 kkan/mMoab

E(xkkan/moan) = 28600 / A(am) E(B)=1240 / A(am)



YJIEKTPOMATHUTHBIU CIIEKTP

H3myue- A, CM E, 5B Bun [ Ipupona
50505 CIIEKTPOCKOIINH YPOBHEHN
y-yau | 107'-107° 10 ALP s/ipa aTOMOB
Penrren | 107°-10° 10> | PentreHoBckue | BHyTpeHHHe

CIIEKTPBI SIIEKTPOHBI
YO 10°-10 10 YO norore- Baneurnrie
Hue, dpayopec- SIEKTPOHBI
nennusa, OOC
K 104-1072 JTOJIA K- Konebanna
sB CIIEKTPOCKOIIHSI aTOMOB
MB 107'-10 107 MB- Bpamenue
CIIEKTPOCKOIIHS MOJIEKYII
Panmumo >100 107 AMP, D11P, | Counbl ga1ep #
AKP BIIEKTPOHOB,
KBaJPYyIIOJb-

HBII MOMEHT
aep




A T
. 2‘\\}2 :H\\ 2 POTOHE
H%\ Y A |

[TornouweHne WcnyckaHune BbiHYXZieHHOE
McrnyckaHume




besusnyyatenbHbIN
nepexon

V
\% A E3
\P)
%& hV2
‘1.%\\ E,
Y A% :V3+ V4
VI"'LLLLL\ th
Y E,

vV=VvitVv) v=vi+ Vo
1ByxdoTOHHOE  [IBYXCTyneH4aToe
MNOrnoLleHne MOrnoLleHne

M UCNyCKaHue



A %53\

V3 =V

VORJFF/VO Vo VotV
~ Y E,

VO\HN/ Yo Vu‘\i}_w %\
Y S

PeneeBckoe CTOKCOBOAHTUCTOKCOBO
paccesiHne dnyopecueHLus
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gornouicHue  oayo- hocho- 10OF10-
» pecueH=- pecleH- \eHue:
LLHS 1A

)



pacceaHue
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Bosdyx(genne p-ry-rﬂoﬁ JnaMrnonl, ARHHA BOJHH 435,8 HM {22 938 cu—-‘)- :






Auanusamop
Ktosema c o6pasuom

PUC. 2.13. B3anmibie OpHEHTAUMM NEKTPUHECKHX BEKTOPOB napaouero ceeta (E) u nae

pannensHoR (I, ) u nepnengukynapHo# (I | ) KOMMOHeHT pacceaHHOro ¢aeTa (CTeneH geo-
'RONAPN3AUMK D = I.L Ty )e
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KIJACCHOUKAIINA METO1OB

1. Ilo Tuny B3aumMoaencTBUA: MOTJIOILECHHUE,
HUCIyCKAHHUE, PaCcCEeIHUE, KOMOMHAIIMOHHOE
paccesaHue, OTPAKECHUE U Jp.

2. ITo o0aacTam uzayuenusi: UK-, Y-, MB-
CTIEKTPOCKOTIHAL.

3. Ilo oObexkTaM: aTOMHAsA, MOJICKYJISIPHAS,
CIIEKTPOCKOMUSA KPUCTAIIJIOB U TBEP/BIX TEJL.

4. 1o npupoae 3HepreTUHYeCKUX YpOBHEM:
BpalaTesibHas, KojacoOaTenbHas (KojieO0aTeIbHO-
BpAaIaTeIbHAA), SJICKTPOHHAS (3JIEKTPOHHO-
KoJieOaTeabHasA) criekTpockomnus, AMP, OIIP u T.1.

5. JIuHerHast U HeJIMHEeHMHAS CIIEKTPOCKOIUS.



IMPUMEHEHUA CIIEKTPOCKOIINHA

1. UnenTugpukanms Bemecrn

2. KosimyecTBEHHBIN aHAJIN3

3. CTpYKTYpPHO-TpYNIOBOil (PYHKIUOHAJIBHBIIN) aHAJIN3

4. OnpepesieHue YpoBHEH JHEPTHU MOJIEKYJI

5. OnpeaesieHAe pacoIoKEeHUT aTOMOB H PACCTOAHAN MEXKIY
HUMMU

6. OnpeesieHue 3apsiioB HA aTOMax

7. UccaenoBaHnusi KHHETHUKH (10 10'15c)

8. BpeMeHa KU3HU BO30YAKISHHBIX COCTOSTHUI, MPOIEeCChI
peakcanuu

9. OnpenerieHre TepMOTUHAMUYECKHUX MIapaMeTPOB

10. MexMoJIeKyIsIpHbIEe B3aUMO/IeH CTBHUA

11. lucTaHIIMOHHOE UCC/IEI0OBAHHE COCTaBa U CTPOCHUA
BelIeCTB U TEMIIePATYpPhbI r'a30B

12. UcciiegoBanne MUKPOKOJINYECTB U MAJIBIX 00HLEMOB
BelIeCTB

13. U3yueHne MoBEepXHOCTH U aJCOPOUN

14. UcciienoBanne JMHAMNYECKHUX MPOIECCOB

15. U3omepusi, TayToMepusi, BHYTPpeHHee BpallleHue

16. ®a3oBbIe nepexoabl 1 T. /1.



3AKOHBI HOI'IOIIEHHUA CBETA
OmnocumenbHoe KOIUYECME0 NOZILOWEHHO20 C6EMA He 3a8UCUm om
UHMEHCUBHOCMU RAOAIOWe20 U3TLYHEHUS,; 6CE ROCNLeOYIOuUE C/LOU CPEObl NO2TIOWAlom
PasHble 001U npoweouiezo 4epes Hux ceema. (3axon Byzepa-/Iambepma)

L= J  -TpomyckaHue
Io | s
—— _
A - absorbance _ 1,
D - onTuueckas IJI0THOCTh D =log T log 7
_ 7 ok Ji Ji
I =1,e"" (byrep, 1729 r., yacro It} logle=i E-0.4343%
npunuceiBaoT JIambepry) 1 1
D=kl
bep, 1862 r. D = kcl Ecnu I=1 cm, c=1 mons/n, To K=&

o l & - MOJIAPHBIN KO3 (PHULIMEHT
— & TIOTJIOIIEHU A



KOJINMYECTBEHHBIN AHAJIN3

|
D = ecl = Iogl—0

1. IIpoBepka cobmonenns 3akona JlamOepra-bepa
2. HaumeHbInme omuOKN H3MEPEHHUS IIPU padOTe B 00JaCTH

20-80% moroieHus.
3. Ilornomenne aydiine u3MepsiTb B MAKCUMYME ITOJIOCHI

IIOTJIOIIEHUSL.
4. HeoOXonuMo 3HATh BEJIMYUHEI € U1 JAHHOU UITMHBI

BOJIHBI.
D

C =
el




AHAJIN3 CMECEM

g 4 4 . v - e s

?’---—»w—-.—- . -
&Fom eI

Cxemaruyeckoe npeacraBjieHue CIEKTPOB MOIVIOIIEeHUs
CMeCH BellecTB:

a - CIEKTPbI BeuiecTrs 1, 2 1 3 He mepeKPbLIBAKOTCS.

b — cnexkTpsl BemiecTB 1 1 2 nepeKpbIBAOTCA BO BCEH
UccaeayeMon 00J1acTu.



AHaJIn3 CMeECEI.

| Al Al
D = &1 011 -+ & 021
%) %) %)
D "= &1 011 + &5 021

1. Ecmmt ecTh 001aCTh, T OHA U3 KOMIIOHEHT HE
MOTJIOIIAET - MOYKHO HUCCIIEI0BATH CUCTEMY KaK
OJHOKOMITOHCHTHYIO.

2. B cirydae nmepekpbIiBaHUs COEKTPOB - PEIIAOT
CACTEMY YPABHCHMM.

3. PaznocTHBIM MeTOA. KOMITBIOTEPHOE BEIYUTAHUE
CHEKTPa OJJHOU U3 KOMIIOHEHT



N30BPA’XEHUE CIHEKTPOB
HK-cnekTpsbl

Al

Holysyriné dhnad a

20

1.5
(micrometers)

Wavelength

e =

90UBR}IITWUSURIL % aourgIOSqY

1000

2000
(cm=1)

Wavenumbers

3000

4000




Y@®-cnexTpsl

_ | |
240 280 J20 HM

!

| |
240 280 320 HM

50 100
40 Vil
]
w - X
=0 § 50
S
>
S
20 S 25
F7/] B \ [ | N T
500 1790 ”MV :’.900 200 240 280 320 KM
Ly _

Puc. 1.1. DneKTpoHHHA CHeKTp NOMIOUIEHHs (eHaHTpeHAa B pas-
JIHIHBIX KOOPAHHATAX



JAMHAMHYECKHE MPOHecChl:
A-H..B = A"..H-B" BoxopoaHnasi cBsi3b
4 3

1., l 1., ) IIcesnoBpamenue beppu
. 7 - .
3/} 5 |
5
_/ \ Kondopmanuonnas
N —= )v/ u30Mepust
\>—. ({ il

XapakTepucTH4eCcKue BpeMeHa
SIMP 10°-107¢
HMK-criekTpocKomus 10°-10" ¢
Y®-cneKTpOCKOMH S 10" ¢




