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Introduction

Accuracy Is one of recent challenges for Tunable Diode Laser
Spectroscopy (TDLS). Several TDLS applications require measurement
accuracy at level 0.1 — 0.01 %. This accuracy Is necessary for: UF,
enrichment, isotope ratio (33C/12C, 180/16Q, D/H, ...), green house gases
concentration (global climate changing), gas mixture standards
development, screening medical diagnostics, etc.

In present paper fundamental limits due to physical laws in use
approximations as well, as DL radiation properties will be considered
with respect to high accurate measurements.

du3suka — Hayka o Mmodesisix. Heo6xodumo 3Hamb obs1acmb
nMPpUMeHUMOCmu paccMampueaemMbix Modesiell U UX mo4YHocmsb. B
3adaye ebICOKOMOYHbIX uamepeHul e AJIC ucnonb3yemcsi
3HavYumeJsibHOe YUucsio pa3/iuvHbIXx huzudyeckux modeseu. Yacmob
amux Modesiel u obnacmsb ux npumMeHumocmu 6ydem
paccMompeHa 8 Hacmosiweu JieKyuu.
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Absorption law

TDLS is based on exponential dependence of radiation transmitted
through homogeneous media under investigation as function of its
optical length L — absorption law.

W, () =W, () exp[- K()L]

3aecb K(v) — crekTp koaddumumnmeHTa nornoweHus. Y Hac 3ToT 3aKOH
N3BECTEH Kak 3akoH byrepa. B 3anagHoun nutepartype Ucnonb3yeTcd
cneayrowas gopmyna:

W ) =W, (n)exp[- S (n)CPOL]

30€ecb S — MHTerparibHaa MHTEHCMBHOCTb nccnegyemon nuHum, f(v) —
HOpMUpOBaHHbIN Ha 1 ee KOHTYp, P, — AaBneHne nccnegyemomn rasoBou
cMmecH, a C — KOHUEHTpauusa B HEWN OETEKTUPYEMON MOSEKYNbI. JTa
dopmyna HasbiBaeTca 3akoHOM bapa, JlambepTa-bapa un 1.4.

Huxe Mbl nokaxem, YTo 3ta hopmyna B [1J1C HeBepHa.
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Historical background

TDLS is based on exponential dependence of radiation transmitted through media
under investigation as function of its optical length — absorption law.
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It was discovered by Pierre Bouguer in “Essai d'Optique sur la
Gradation de la Lumiere” (Claude Jombert, Paris, 1729). He
considered absorbing media as slices having similar
absorbance and found exponential (logarithmic) dependence.

. . LAMBERT
ACADEMIAE SCIENTIARVM ELECTO-
RﬂLIS DOICAE , ET SOCIETATIS PHYSIC{) ME=
DICAE BASILTENSIS MEMBRI Y REGIAE EOBIETATI

SCIENTIARUM GOETINGENSL mum’mnm
LITERARIO ADIVNCTL

PHOTOMETRIA'

quantitas , &c/denlitas , l?uoque maius fuerie
{patiolum. percurfum de erit
du =

fiue mteg:audo
log ——Q- =T

Decrefcit ergo Iumen ut ordinatae logr{hcac,
cuius fubtangens eft — ¢ a'Bi"c:ffze vero-funt
ipfa via x a l%:mme pereurfa. '

§. 468. Hunc calculum eodem modo ab-
foluit Cel. BOVGVER in tractatu fupra lau-

|.Lambert “Photometry” (1760). 583 pages considering different aspects of photometry
(look at it, | was excited). Between them one page where he used differential

equation (available at this time) for Bouguer law. Now inhomogeneous absorbing
media can be considered.
A.Beer (1852) extended the exponential absorption law for solutions. It is the linear
relationship between absorbance and concentration of an absorber.
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P.Bouguer

[Mbep byrep (ppaHUy3CcKkMin aCTPOHOM U MaTeMaTUK), Al—gr—-n
E

npoaHannanpoBars npoxoxageHmne CofiHe4YHoro n3sfty4vyeHmn4d

2
-

4yepes aTtmocdoepy. [Pierre Bouguer in “Essai d'Optique sur G s\

la Gradation de la Lumiere” (Claude Jombert, Paris, 1729)]. K T\ ;

B aTon paboTe 6b1510 MHOro Yero, YTo UMTUpoBan 3aTtem M _ir\ =

NNambepT. Hac nHtepecyet 3akoH NOrnoLeHns. © X\
L ‘ e

B aTto Bpemsa andpdepeHumanbHoe nc4yncrneHmne oTcyTcTeBoBarno.

[ToaTomy Byrep ncnosnb3oBan TpaguUMOHHbLIA B TO BpeEMSI Noaxond: pasoun
OLHOPOHYI0 Cpeay Ha O4MHAaKOBble TOHKME crioun. byrep gokasarn, 4to ocnabrieHve
N3Ny4YEeHUa Npu NPOXoXxXaeHnn oaHOPOAHOM cpeabl byaeT onucbiBaTbCS
reoMeTpmnYeCcKon Nporpeccunen ", rae r — ocrnabrieHne UsnyyveHnst KaxxabliM Croem, a n
— 4yucno cnoes. [Jpyrmmu crioeamu, byrep Been noHATMe KoapduumeHTa nornoLeHmd
N OoKas3an 3KCNoHeHLUMasrbHbIN 3aKOHa MOrnoLeHuns.
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|.Lambert

NoraHH JlambepT (1728-1777) — HEMELKUI YYEHbIW, AOKa3as nppaunoHanbHOCTb
yucna p. B 1760 onybnukosan paboTy CDOTOMeTpI/Iﬂ" (583 CTp.).

. . LAMBERT

ACADEMIAE SCIENTIARVM ELECTO-
RALIS BOICAE , ET SOCIETATIS PHYSICO - ME=
DICAE BASILIENSIS MEMM:, REGIAE SOCIETATI
SCIENTIARUM GOETINGENSI mmmmﬁ
LITERARIO ADIVNCTL

PHOTOMETRIA'

OTa Bblgatowaaca paboTa (pekoMeHaYyt NOCMOTPETb €€) ABNAETCS
OcHoBononaratouwen B obnactn portomeTpun. B 4ecTb ee aBTOpa BHeCUCTEMHAdA
eanHunLa SipKocTu nony4dunna HassaHue Jlambepr.

HTepecytolemy Hac BONPOCY, 3aKOHY quantitas , & denlitas . quoque: maius fuem
“ " fpatiolum pﬂrcurﬁlm. nde erit ib
nornowenusa, B “GotomeTtpun” JlambepTta oTBeaeHa Just bicai 4

ofdHa cTpaHuua. B 310 BpemMsa nosBmIioch fue ‘“‘Eg"“d“

onddepeHumanbHoe ncumcneHune n Jlamoept
ckasarn, YTo paccyxaeHus byrepa cooTBeTcTBYIOT ﬂﬁﬂ‘;ﬂ?,jﬁ;‘;,?;;,f;":ﬁ“_“?;ﬁ;{g{'-‘: ig'nf’ﬁf,‘f;
nuHenHomy amddepeHumansHOMY YypaBHEHWUO, YTO ~ ipfa via xa

log é-—x}'

umine perenrfa, '
§. 468. Hunc calculum eodem modo abe
Nno3BOJIdeT aHaln3npoBaThb norsioweHne foluit Cel. BOVGVER in tra&tatu fupra lan-

HEeOQHOPOAHbIX CUCTEM.
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A.Beer

A.Beer (German chemist, 1852) extended the exponential absorption law for solutions.
Beer law consider the linear relationship between absorbance and concentration of an
absorber. It is true for transparent solutions.

Beer law is not true for TDLS.

Example 1 — low pressure. Cell was filled with 10-® Torr gas under investigation.
Absorbance of spectral line was recorded. 103 Torr of buffer gas was added. For both

cases line has Doppler shape. Concentration was changed by 1000 and no change in
absorbance. Beer law is not true.

Example 2 — high pressure. Line has Lorenzian shape.

Absorption coefficient K for small C is proportional to concentration C only in line
center. For water line in atmosphere Beer law is not valid even in line center.

Beer law i1s not valid in TDLS. What Is correct equation?
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Absorption law for gases

Absorption law for gases (small absorption) can be obtained from both Maxwell
equations or energy consumption law for electromagnetic field (for gases the field
Interacts with individual molecule — N in nominator):

W, () _ - s 0)NXW, ()
x J1+4pcN(x)

c and s are molecular polarizability and absorption cross-section, respectively; N —
molecules number density. Square root in this equation describes influence of rest gas
polarization on DL radiation absorption by particular molecule (refractive index). For N
= const exponential absorption law can be obtained:

e u
WL () =W, () exp& s N 0
& 1+4pcN g
Absorbance in TDLS is determined by molecule number density -
N, absorption cross-section - s, and optical length - L. Usually
Influence of rest gas (denominator) is ignored. For high accuracy it
has to be taken into account and leads to non-linear absorbance
pressure dependence. Correction for methane is 0.05 % for 1 Bar.
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CI'IeKprI I'IpOI'IyCKaHI/IFI N NornoLwieHuns

=== /Icnonb3ys Nony4YeHHbIe ypaBHEHUs!, MOXHO U3
0 L i1 ‘ aKCMEepPUMEHTaNbHbIX AaHHbIX ONpeaenuTb CNeKTPbl
h S e MOrNOLEHNs 1 NPOMNYCKaHUA.
0.6 Acetylene transmission spectra — T(v) in 200 cm cell
o and pressures between 0.02 and 92 Torr.
0.2 R
D , )= W0) gl SN
63R2.2 582, 6583.1 v/em | L
W,0) & JI+4peN g

Absorption spectra - K(v) of acetylene v,+v,
R(11) line for different gas pressures in sample
cell (L=12 cm).

W h)

1 s (n)NL
Kh)=-—I G\T
") L né L)

J1+4pcN

OO,

= e S S = —
B5B2 55 B5E2. 8 0582 65 B582.7 B6582.75 B5E2.8 B58;
erumber, &m-1
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To4yHOCTb NPUBNMXKEHNN

BugHo, 4TO KayecTBO nofy4yaemomn
9KCNnepmMMeHTaribHoM MHopmMaLuun 4OCTaToO4YHO
BbICOKO, YTO ObeLlaeT BbICOKYHO TOYHOCTb
CNEKTPOCKOMNUYECKUX NapaMeTPOB.

[Ona oueHkn abCcontoTHONM TOYHOCTU HYXXHO
BCMOMHUTb NPUBNMXKEHUS, KOTOPbIE
MCNOMNb30BasiMCb NPU BbiBOAE 3aKOHa
NOrnoLeHus.

88825 B5B2SS 65526 658265 GA2T B552.75 562,68 6582.05
‘Wavenumber, &=

Ucnonb3o8aHHbIe NpubnuXeHUs:

- MOHOXpOMamu4eckoe ussiy4yeHue (06 3amomM HuUxe);

- MaJioe noasoweHuUe:. 3aKOH MNo2s1I0WeHUs1 6epPeH C MOYHOCMbHO
do | /L — omHoweHUs1 ONUHbI 80JIHbI U3JTy4Y€HUSI K OJIUHe KHo8embl.
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Brnnanune [J1

a

frR22 fiad.s BAE2H H583.1 -,-x,-‘cm '

T Acetylene transmission spectra — T(v) in 200 cm cell

nd pressures between 0.02 and 92 Torr.

Wn) € s@)NL U
— = = EXpg& (
W, (") & +/1+4pcN g

Absorption spectra - K(v) of acetylene v,+v,
R(11) line for different gas pressures in sample
cell (L=12 cm).

T.(h)=

AN

K(n):_%mé\NL(n)l;l_ s (M)NL

W) G 1+ 4pcN

O6¢cydum ceoticmea AJ1 u ux

8J/IUssHUe Ha pezsucmpupyemsbie

85825 5582 55 65526 BGA265 65627 6582.75 #5628 6582.85
Wavenumber, &m-1

CrieKmpb.l.
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Spontaneous emission

DL radiation is not monochromatic. Together with
coherent component it contains broad spontaneous
emission one.

0

-10

-20

Pressure dependence of

10, transmission in center of >
% C,H, line near 6582 cm?. = * =
0.8¢ -50 ™
S é Some light will be NN
o 08p recorded even for v Ty
g 0z '_% satu_rated spec_tral line — o | | |
= 9 “optical zero” (in present 075 08 08 09 095
= 0_2_%m case 10%). CrioHTaHHOE E, eV
- cocoooo oo oco-oo | UINTYHeHUA Yy HaC He
00— 12 153aBMCUT OT V.

Pressure, Torr WL (n ) = DW +WO (n ) exp[— S (n ) NL]

PekoMeHOauusi. HaCbimumb noaJsiouieHuUe 8 ueHmpe JIuHuUU,
usMepums eesiuqduHy “optical zero” u ebl4ecmsb ee U3
peaucmpupyemo20 cuzHana \W(v).
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“Optical zero” B ueHTpe nuHumM CO B cpegHem VK
avanasoHe, Kak pyHkumsa gasnenuma CO.

[MpeanoxeHHas pekoMmeHgauma He paboTaeT, MOCKOSbKY
HabntogaeTcs 3aBUCMMOCTb “optical zero” oT gaBneHus.

Spontaneous emission
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[MpnymHa: ras nornowiaeT He =S e
TONbKO KOrepPEeHTHOE, HO U — 1_’
CMOHTaHHOE U3NYy4YeHune, 0

0 200 400 600 800
CO pressure, Torr

nNpMBOAS K YMEHbLLUEHUIO ero
aonun, gocturatowen ®L, npu
pocTe aaBneHua (crnnowHas
KpmuBasa pacyeT no HITRAN).

W, (1) = DW(P) +W, () expl- s ())NL]

PekomMeHOauusi: ucrnosib3o8aHue VY3KOIMOJIOCHO20 CrieKmpaJ/ibHO20

puabmpa, Ymo no3eosium 3Ha4yumesibHO YMeHbWuUumb doJio

CMOHMAaHHO20 U3J1y4YeHusi, pecucmpupyemoz20 @/,
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"Optical zero

Tler AT TR T—
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Acetylene transmission spectra in 200 cm cell
and pressures between 0.02 and 92 Torr.
Presence of “optical zero” and its pressure
dependence can be observed.

Spontaneous emission was
removed by monochromator.

I T TTTTTI

1 ¢

I T TTTIT

1 -

I I I | | ] 1 1 1 1 111 [

“Optical zero” pressure dependence
demonstrates correlation with DL
emission spectrum parameters.

PekomeHOauusi He cpabomasna Habnirolaromces u “optical zero” u e2o

3asucumocmb om Oaenerus. [Ipu4duHa: cnekmp usny4eHus [Jl1.
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10

10

K (Dn)

10

10

1 — Molecular line

] — Spectral line shape

Spectral line
shape In TDLS

C,H, spectral line shape due to known
parameters of experiment and molecule
under investigation (red line) and as it
was recorded by TDLS (blue circles).

Cnektp AJ1 (06 aTom peyb 6yneT B
crnegyrowmx nekuusax) nmeet JlopeHueBy
dopmy (wmpuHa 30 MI'u) oo yacrtor
penakcauuMoHHbIX konedaHuu (4 I'Mu)
nocne 4yero nagaet kak Dn4.

Experiment

n.=0.01576 cm™

n, = 0.00012 cmit LlepHa;l KPpuBad - pe3yribTat CBEPTKU

KOHTypa CneKkTpanbHON NMUHUM

due to DL frequency noise MOSeKynbl co cnektpom AJ1. [Ins

10

~————————1——— paHHoro [1J1 npmBeaeHHbIe BbilLe
L napameTpbl GbINM HE3aBUCHUMO
Dn, 10~ cm M3MepeHbI AKCNEPUMEHTASTbHO.
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“Optical zero”

10 ﬂlf,fafn - -
[V .
8
10" 5 F
1% L
10° C
5 i
2 N
. - -
10”3
] Experiment | 07k -
1 — Molecular line \ n
.= 0.01576 cm* \ E F, GHz L
10* n = 0.00012 om'’* N I N N I N N W i
] = Spectral line shape AN ST
] dueto DL frequency noise \\ o}gggg% 1 10
10’ 10’ 10’ “Optical zero” dependence as function of
-3 -1 . .
On, 107 em saturated spectral line width.

Habntogatotca koppensummn 3aBucumMocTu “optical zero” (cnnowHble KBagpaThbl) U
napameTpamu cnektpa uanydenua OJ1 (npsvele).

PDF created with pdfFactory Pro trial version www.pdffactory.com



http://www.pdffactory.com

Spontaneous emission was

D I_ em |SS|On SpeCtrU m removed by monochromator

UTOo BCe 9TO 3HAUUT ON4A BbICOKOTOYHbIX n3mepeHun B AAJIC? Same sample of pure
C,H, was investigated using 5 connected cells with different L =5, 10, 20, 80, 200 cm.

1 —5
10 - —10
/\ —20
£
<
" os £ |
¥
0 I I I 0 \
6582.5 6582.6 6582.7 6582.8 6582.9 6582.6 6582.7 6582.8
v,cm™ v,cm™
Acetylene transmission spectra in cells Absorption coefficient obtained for the
with different L for P =11.4 Torr. same sample using different cell length.

To remove DL emission spectrum influence line absorbance has to
be as small as possible.
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Baseline

1.00 I
: Transmittance

spectra for different
pressures of molecule
under investigation.

— 0.99 -

0.98

Baseline presence at 103level can be observed leading to error of

spectral line parameters determination.
To reduce baseline influence large line absorbance has to be used

In contradiction with previous requirement.
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I'NnHenHoctb OO+I1Y

O+I1Y OomKkHbI 6bIMb JITUHEUHLI ¢ MOYHOoCcMbIo 104,

lMpoeecmu HeobxoOuMbIlI mecm.
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CeuyeHune nornoweHus

Absorption spectra K(v) of acetylene v;+v; R(11)
line at different gas pressures in cell (L=12 cm).
HabnogaembiMn napameTpamMmn siBAAKOTCS:
nroLwanb nog KpMBOW, ylmpeHue, casur n gpopma
NUHUN,

icnonb3ya akcnepuMeHTarnbHO U3MepPEHHbIN
CNEKTP KoadpdpuumeHTa NorrnoLweHmns MoXXHO
onpeaennTb CNeKTp CeYEeHUs NornoueHus.
CeyeHune nornoweHus:

s ()= (v)

34ecb S — nHTerpasnbHas MUHTEHCUBHOCTb NUHUK (NnoLwagb KpMBomn), KoTopas
npmeogutca B HITRAN; f(v) - HOpMUpOBaHHbIM HA 1 KOHTYP NIMHUM.

Tenepb, oNa onpeneneHnss CNeKTPOCKOMNYECKNX KOHCTaAHT, HacTyrnaet MOMEHT
NOArOHKM SKCNepUMEHTarnbHbIX CNEKTPOB MOAENIbHLIMU KOHTYpaMu. B HacTosLwee
BpeMSA UCMNONb3YKTCA crieayrowme Mogenu KoHTypa cnekrpanbHon nuHum: donnepa,
INNopeHua, Ponrta, a Takke MOAeNN MATKNX U XXECTKNUX CTONKHOBEHUN.
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Spectral line shape

1000

100 +

b {
10 474

Absorbance spectrum fragment of molecule under
Investigation for different pressures.

Vicinity of R(11) v,+v; line of C,H,.
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Recorded absorbance spectra
are fitting using different line
shape models to determine gas-
mixture under investigation
parameters.

There are several

challenges for accuracy

of these measurements:

1. Weak lines of hot

bands, iIsotopomers, and

atmosphere molecules

presence.

2. Line shape model

using in fitting.

3. Spectral lines mixing

effect.
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CneKkTpockonuyeckme napameTpbl

Llenbto npouenypbl NOArOHKM KOHTYpa CrekTpanbHOM IMHUN MOAENbHbIM KOHTYPOM
ABNAETCA onpeaerieHne CNeKTPOCKOMUYECKNX NapaMeTpoB UccreayemMon nNuHun. As
line shape model we are using Voigt profile with 4 parameters: line center — v, line
Intensity — S, Gaussian and Lorenzian widths — v and v, respectively.

IckaXkeHna pernctpupyemMoro crekTpa, 0 4Yem pedb Lua Bbllle, NPpMBOSAT K
NOrpeLLUHOCTM onpeaeneHns napameTpoB CcriekTpanbHon NMHNUU. Ecnn mexaHusm
NCKaXXeHNsA N3BECTEH, TO OBYCOBIEHHAsa UM nornpaBka MOXET ObITb paccynTaHa u
ckomneHcupoBaHa. Hmxke npmBeneH npumep pacdeta ans baszoson nuHmnm DI/I.

| D_S _ -8 D
1.00 ] V g w, L ki llﬁ | it St S \/2(p B 3) |
z Vp D
| Dn, = Np—
o Jin2p-3) |
o, = n, ¥2P-4)D
(p-3) |
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3.1

Test experiment

Ratio

2.9 T
0.0

1.0 15 2.0

P, Torr
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Intensity Ratio

Koppekuyus

[Mpumep koppekunun. amepsanocb OTHOLLEHNE
WHTEHCMBHOCTEN OPTO-Napa NUHUN BOAAHOro napa
(cornacHo cnuHoBomn ctatucTtuke 3.1, HITRAN — 2.9997)
Npu HU3KOM OdasneHumn (KoHTyp Jonnepa). OcHoBHas
norpewHocTs 06ycrosrieHa 6a3oBoOW NIMHUEN, NPUBOANT
K NOrpeLHOCTU (OTKPLITUE KPYXKKW).

o) O  No correction
305¢ ® Withcorretion
o) ©)
% o
(©)
3.00 !’é%igkiii.ig
Rad 2 e O 8
° o) ° 05 ()
o O © 8 o
O
295} o
O o Oo o
(©)
200 05 10 15 20
Pressure, Torr

DnG/nD

0.04F

0.02F

0.00F

-0.02t

-0.04F

D_S:m6$-81/ip-35
S n, 2 Jp-4)

2.9788+ 0.0093 - 1o koppekuuu

-0.04

20.02

0.00

0.02

DS/S

0.04

‘|
3:1=j
12,9995 + 0.0029 - 0cI1e KOppEKIH
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Spectral [ine models

0.016—: Hard
1 Soft

® Experiment

P, Torr
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As line shape model we are using Voigt
profile with 4 parameters: line center —v,, line
Intensity — S, Gaussian and Lorenzian widths
— Vg and v, respectively.

Dike narrowing of 5,,-4,, water vapor line
near 5475 cm. Solid curves — results of
fitting for two opposite line shape models: soft
and hard collisions (Residual below 104).
Solid circles — experiment. In present case
soft collision model is correct as result of
dipole-dipole interaction between water
molecules participating in collision.

More common iIs something
between soft and hard models. It
leads to non-linear pressure
dependence of parameters
obtained by fitting.
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MoneKkynapHbIn ras

Absorption law for gases (small absorption) can be obtained from both Maxwell

equations or energy consumption law for electromagnetic field (for gases the field
iInteracts with individual molecule):

W, () _ - s 0)NXW, ()
x J1+4pcN(x)

c and s are molecular polarizability and absorption cross-section, respectively; N —
molecules number density. Square root in this equation describes influence of rest gas
polarization on DL radiation absorption by particular molecule (refractive index). For N
= const exponential absorption law can be obtained:

€ s{n)NL U
WL (n) =W,(n) expé& 1), f
& 1+4peN g

Hacman momeHm ob6cyodums posib N.
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neanbHbIN ras

YpaBHEHNE COCTOAHUA UaeanbHOro rasa, B KOTOPOM TONbKO [ABE

P — kNT nepeMeHHble ABNAKTCS HE3aBUCUMbIMU. 30€Cb Mbl cmankueaeMCHv
C ycsio08uUsiMu nposeodeHuUsi aKkcnepumMeHma. B pagHoeecuu oOHOU
U3 amux nepemMeHHbIX s18Jsiiemcsi memrnepamypa.

N3mepeHna B OTKPbITOM aTMOocdepe NPoOUCXoaaT npu NocTossHHOM aasneHun P. [ngd
ogHopoaHOoM aTtMocdepbl BennymMHa P onpegenseTca cyMMapHbIM BECOM
aTMocdrepHOro Bo3ayxa, KoTopbin ecTb const. [1oaToMy n3mMeHeHue Temnepatypbl - T
npuBeaeT K obpaTHo-npornopunoHansHoMy nsmeHeHnio N. T.e. cymo4Hbie u
20008hbIe KojiebaHuss memnepamypbl ompa3simcsi Ha pe3yJabmamax
U3MepeHuUsix coodep)xaHusi ammocgepHbIX npumeceu ¢ nomouwbro JIC.

I/I3mepeH|/|;| B KlOBETE COOTBETCTBYIOT NOCTOAHHOMN BENIMYMNHE NNOTHOCTU MOJ1EKYI1 — N.
I'IoaTomy N3IMEHEHNA TeMNepaTypbl B 3TOM Clly4ae 6y,£l,yT conpoBoOXaaTbCA
nponopunoHaribHbiM NAMEHEHNEM [aBJIEHUA.

AJIC usmepsiem niaomHocmb demeKkmupyeMbIX mosiekyn. s
ornpeodesieHUs1 UX KOHUeHmpauyuu e uccriedyemMoli 2a3oeou cMmecu
HY)XHO 3Hamb MOJIHYIO MJIOMHOCMb MOJIEKYJ1, Ymo mpebyem
O00HOBPEMEHHO020 U3MepeHUsI 0assieHUsi U meMnepamypasi.
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[1lpouiecchl B rase

| — constant temperature; 11 — closed cell heating (constant molecules number density - N); then the cell
was connected to large gas volume (constant temperature - T, jump is measure of temperature exponent n
=1); and |11 — sample cell cooling (constant pressure - P).

TemnepaTypHble 3aBUCMMOCTU OMUCHLIBAKOTCS F(T)=F (T )eT u

TeMmnepaTypHOU SKCNMOHEHTOM - N

0.15

FWHH, cm™

0.14

-Shift, 10° cm™

0

1
100

T
200

—
300

t,s

T
400

T
500

—T
600

700

8T H

Temperature exponent for pressure broadening n = -0.703(7) is
typical for induction - dispersion interaction

Theoretical estimationn = 0.7

Temperature exponent for pressure shift is closeto -1, typica
value for resonance dipole-dipole interaction.

Theoretical estimationn = 1.0

Acetylene R(11) spectral line width (A) and shift (B); P =948
mBar, L=4 cm.
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HeoaHOpPOAHOCTL TeMnepaTyphl

YpaBHEHNE COCTOAHUA UaeanbHOro rasa, B KOTOPOM TONbKO [ABE

P — kNT nepeMeHHble ABNAKTCS HE3aBUCUMbIMU. 30€Cb Mbl cmankueaeMCHv
C ycsio08uUsiMu nposeodeHuUsi aKkcnepumMeHma. B pagHoeecuu oOHOU
U3 amux nepemMeHHbIX s18Jsiiemcsi memrnepamypa.

N3amepeHna B OTKPLITOM aTMocdepe NponucxoasaT rnpu NnoCToAHHOM aasneHun P.
HeogHopogHoCcTb TemnepaTypbl - T npuBedeT K 06paTHO-NpoNnopUMoHanbHOMY
n3meHeHuo N.

UN3mMepeHusi codepxxaHusi ammochepHbIX npumecell ¢ MoMowW b+
AJ1C Ha cosIHeYHOU U meHeeoU CMOpPOHe Mo2ym 8 JiemHee 8peMsi
(pasHocmb memnepamyp ~15K) omnuyambcssi 3Ha4umMes1bHO
(~5%).

I/I3mepeH|/|;| B KlOBETE MNnpun Haljlinine HeoaHopoaHOCTN TeMnepaTtTypbl. AaBJieHNe

NnocTosiHHO. [oaTOMy nokanbHasi NNOTHOCTbL Morekyrn — N o6paTHO-NponopLuoHanbHa
nokanbHoOM TemnepaType, YTo NPMBEAET K NepepacnpeaeneHnio MoneKkyrn.

Hanu4ue HeoOHOpPOOHOCMU MeMnepamypbl 8 YCMaHOB8Ke MoXem
rnpusecmu K 3Ha4vumeJsibHOU rno2pewHocmu 3KcrnepumeHma.
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Gas sample and TDLS

Requirements for gas sample:

Purity — better 104, dry vacuum;

Gas pressure accuracy better 0.01 %;
Gas temperature accuracy better 0.03 K;

Known isotope ratio. For examples, samples from different sources
have different 13C/12C ratios:

Inorganic -0 %0
Atmosphere -7 %o
Biogenic -60(5) %o
Fossil -40(8) %o
Biomass burning -24(3) %o

DL radiation interaction with molecules will change molecular levels
population. Requirement for DL intensity: less 1 mW/cm?.
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Non-ideal molecule

In TDLS molecules number density — N is measured. To determined it gas pressure —
P is measured. At this point non-ideal molecular gas behavior has to be taken into
account.

i:1+ BN +CN? +...

KNT

Non-ideal molecular gas behavior:

1 — ideal gas (no interaction between molecules);
B — second virial coefficient due to two molecules . —
interaction; *
C — third virial coefficient due to three molecules i A
interaction:; ... S 6 o

- \
Pressure correction due to non-ideal 10l on N\
gas behavior for several molecules at 2l \
room temperature. Pressure ——]
correction for 1 Bar 1s of the order 0.1 P, Bar

-1 % for different molecules.
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Three molecules interaction
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C,H, lines self shift pressure dependence (A)
and its non-linear behavior (B). Solid line
corresponds to non-ideal molecular gas
behavior due to second virial coefficient.

Line intensity non-linear pressure dependence
IS due to second virial coefficient due to two
molecules interaction.

Line broadening and shift are determined by
two molecules collisions.

Origin of their non-liner behavior
with pressure is due to three
molecules collision.
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Line intensity with accuracy 10

; Spin gatistics 3.1
3.05f experiment  2.9995(28)
-% ey 9%
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@ 295}
£ _
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Intensity ratio of water vapor
doublet with closely spaced
orto-para lines as function of
water pressure - P.

Such lines can be considered
as standard for molecular lines
Intensity measurements. Due
to spin statistics their ratio in
equilibrium has to be 3:1.

When all error mechanisms
mentioned above were
Identified, investigated, and
suppressed required accuracy
can be achieved.

Presented picture demonstrates possibility of 104 accuracy

achievement for spectral line intensity measurements.
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Conclusion

Several error mechanisms of accurate measurements in TDLS were considered:
-Bouguer law correction due to rest gas influence on DL radiation interaction with
molecule under investigation.

-Weak lines of hot bands, isotopomers, and trace atmosphere molecules.

-Line shape model using in fitting.

-Spectral lines mixing effect.

-Presence of spontaneous emission.

-DL emission spectrum.

-Baseline.

-Molecular gas non-ideal behavior.

When all error mechanisms mentioned above were identified, investigated, and
suppressed, required accuracy can be achieved.

Possibility to achieve 104 accuracy for spectral line
Intensity measurements in TDLS was demonstrated.
Based on achieved accuracy and analysis performed,
TDLS can be considered as high accurate primary
standard for gas mixtures.
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