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— What is 2 molecular Beam !

- “"h' Vie 2 Mmol. Ream in Spﬂl'rulcupy?
- Uh'j Viec 2 LTD in Mol. Beamm #pul’rmuﬁ?

- Examples:
| i High Resolution (sub-Dopp ler) Spechoscopy
(both single amd double vesonance )

2 Spectroscopy of vew der Waals Molecule
2 Spectroscopy (n SUFEF.I-lul'J*HL Mawo droplets,

— Conclusiong
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What is & Molecolar Beom !
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HOLECOLAR BEAN ARE VERY THiv Tarcers) ®

Signal Detection in Molecular Beam
CW Laser Spectroscopy

1) Eluorescence detection
e el Needs
Leey Smalley & i[lﬂﬂ Fluore scence |

e

\I' == LASER
2) Beam pumping  (very often there it we fluorercence )
Gough, Miller & Scoles (1917) (inthe IR for inttence)

A
|
|
|

N - Laser Bolormeter

3) Beam depletion (reguies fragmentation )
A A

\L - - LASER Bolometer

Gough, Miller 4 Sales (1973)
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t‘,gm 0 él\ i]&rigé:

A remark by the juwer anEaau.a.
Gaetano Gallinaro : “ Giacints did you know st
the power semsitivi by ol modern (196¢) bolomelers
correiponds To the flux of 2 psw millons of
Mermal molecwles ?"

wp An underge duale shudent Nonfredo Caline
who &id net live examinations but hal
sbsolufely ne problems in MaKing Eﬁ !uzu'
The story of the newspaper and of the “"E”.ﬁ_t'f)
technital defails”

Band 22 s, Heft 3, 1967

- 1967

- Genevy

M. Cavarim, G, Garumiano, and G. Scores

Istituto di Fisica dell'Universitd, Genova, Italy
Gruppo Nazionale di Struttura della Materia del C.N.R.

{Z. Naturforachg. 22 u, 413—414 [1967] ; received 3 February 1967)

It is shown how & high sensitivity infra-red detector can
be used as molecular beam detector.

The max sensitivity achieved is 2-10° molecules sec—1.

Furthermore the advantages of using this kind of detector
in scattering experiments are pointed out.

('ms peper was rejecled by the J-of mm.Ph:,)
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What is the energy comtent @
ol 3 beam?

l) For am atomic beawm -

Kinehe tnergy - .g hiﬂmu ('MT% becaute of expans,

Condensation eneryy - ¢

(€= well dept, -}‘paftnh{,
-fw ﬂ\'ﬁih 2.5%300 + £ x

140 = 1{po i

)

2) For 3 molecvlar beyyn ('-!~ )

Somewhel move thangboye secawse the ihternal
d&9rees of freed ovy (Nfd‘h‘m + Vih Rty )
havt beew cooled by the free

HoWEVER

|}  Uling 3 [ater,

jeF expension.

1°V Pomp 4 quantyy,

o vibrakow | energy Mto the m o loew Le

fow 3dd from 3000 to §8p0 K of evtrgy!


Adriano


(arb.units) 3

Iig| sina

THE REVIEW OF SCIENTIFIC [NSTRUMENTS @

VOLUME 42, NUMBER 12 DECEMBER 1971

A Molecular Beam Scattering Apparatus with a
Low Temperature Bolometer Detector®

M. Cavarumwg,t L. MenecuerTs,} G. Scores§ anp M. Yearrano||
Istituto di Sciense Fisiche dell’' Universiid, 16132 Genova, Fialy
(Received 30 June 1971; and in final form, 10 August 1971)
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(Y.T. Lee et al.)
30 Wevs barye
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... .. the incorporation of

cooling and the bolometer detector allows its ready adap-
tion to other experiments, Included are atomic H experi-

ments (extremely difficult using mass spectrometry) and
scattering experiments from crystal surfaces (made possi-

ble by a simple modification of the liquid N shield, thus
obtaining background conditions difficult to obtain with

ion pumping techniques). The Gengva rovp later on
hecome twell Known for theiv surface seelt. expeniments.
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QPTQTH ERMAL
QETE CTION
METHOD
S

Grough

Milley
Scoles

Appl. Phys Lekt
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0 W
mirror K
| - doped Si
Noise Equivalen! Pﬂwt‘.*r' NEP BOLOMETE H(thermus’r-:r)
=307 uatt Het = 10° photons.s’ = 108K

LocATED AT 40 vm FF{GH THE SOURCE 1S 2 -10' e
IF 20 ] K STATES ARE PRESENT IN THE BEAM THE
USERUL FLUX 15 10" /e . IF AN INFRORED LASER
IS AVAILARLE THAT cAN SATURATE THE TRAMSITIOM

e S paTio 18 = 10" . =10l
N 10¢
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. Optothermal Dopplet Specﬁii;lm of Methane
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The power o} this method is perhapr best demonclrahd @
by showwmg the resulfs of an experiment carned out by
Henning Meyer ad Eric Kenfel i Princeton seon affer

the sething wp of my vew lab there,

A-P (8), B-R(2) -- 10% C2HZ2/He : EHGEEEALLE
molecular beam specfrum
o il hpastiy )
(HeT BAND)
[l ab b
v cell absorplion
Sttir':g‘f?;tr ﬂuh ‘h‘w;i
- Emh‘ng
H cl' i c' H cuf- tit halamater
call sbeorption
J | | | | 1 | {5 1
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cavity steps (30 mV)
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-E ~fll photon defector

/
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The Beam Machine.
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A case molecule, F;CC=C-H
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Double Resonance (1)

Experimental Setup
Extreme bolomelry

ﬁjn not ¥ry this a3t heme )
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ﬂ You work havd oF dligning
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COMEREMCE '
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issociation
Spqu scopy o

van der Waals Molecules

e Metadtable
e;u:r HCN ~HCN —> 2 HCN-
vt By Talimily oo

Tnstead of meesvring the energy depo.
cited info the bolomeler by the pumped
melecules, what is meatured is the
enerqy missing of the bolometer due fo
the dissociation of the complexes.

fl"é‘ .rﬂ men {*
beam of vown dey
Wasls Molewtes Zok | ) Bolemeter
laser  fregment

The :tnnhvt* is similay but the {qu of
van dev Wals mnltmlu it 9enerolly smaller

Heon the Hux of stible moletunler,
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Toucks » Miller
Linear Trimer @

(;ufﬂwsky el al. have Dimer

imeasured the microwgve spechum Q\\J
vy (HON? 3 JU‘HS X HI“EF ﬂ\? iﬂﬁﬂrEd ong
PLJ) LI
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No ARSCRPTION Iv THE MUWALVES ," \
HAS REEN FounD. (Mo DifoLE mem)) ’ \
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Yang 1992
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hiu N ﬂb:‘}ii}'ﬁ let Trelation Spectr COpy

xpenimenlal methodology:
e (figore dvaumn by A. Vilesov)

Ie (100 atm) Beam depletion

- detector

o l 4 I 7 ., Bolomeley
m\%—) . tb 54 Lor masl fpee.)
“@3&5\% G @B

o

R

= — o
nozzle I'\ . il f
16-33 K, 5um dia) pick-up cell
ok ©
Cluster size - (167" to ”'J ,‘wf
1000-15000 atoms. laser (& !

Qﬁ;"‘l}'
1) Detection: Fluorescence (with 3 PNT)

2) M: Dtplch'ﬁh

2 . " - g w
3) Detector: liquid He cooled (1.5 K) silicon bolometer.
zb) Detector: mass cpectrometer.

* Detection scheme:

absorption of photon(s) + energy relaxation into the
cluster causes evaporation of He atoms
= beam depletion.

Nain advantages:
2) Confrol of aqareastion + no walls.
L) Svperiluidity . T.e. rolafional reselution
c) Low T : Very unstable species can be
prepared ; induding high Spin species -
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EXAMPLES OF SPECTRA

Cyanoacetylene
NCCCH (mediwy =~ LHE MESSAGE:

- T ~ The moments of
1™ b inertia are larger
i:l : ! I|I than for '“\'_, free
!, | 'I\ |'Uh"|' molewle in the

el TN \4—\ 925 phase. 8t
R ¥ Showwn for SF, amd

A em 6Cs >t the 1ol
Trimethylsilylacetylene ?
(CH,);S1CCH (larqe) Wy 8
{7
i I
| ||
i“' | ||| i s
”:,/ﬂ ;Mﬁ“x.-l It'u“"w \\_\
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G. Scoles and K. K. Lehmann
Science 287, 2429 (2000

When 3 third HCW mlecy
weuld land in the cluster
the fame phenomenen wovig
gttur 2nzin and the jinear
frimer would form instead o

In the helim droplet instedd, whe the dimer forms
Wt s slready cold sud the dinear sddtim prowy tdm ge o,
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Conclusions & Outloosxc @

1_ Bolometric LTD: have had 3 tremendous
im&d’ in the ll'l'“ ol Speclrostepy and
move genevally on chemical-physies.

2. As the NEP; vsed 10 fov are ~ I;.-.Ha-ﬁ
the feld i for from saturated simce

improvewmimts of 2 fcler of 10° are
“eanly " available.

3. Other tow the uie o} lower T e d
gﬂtl'ﬂ' I-’Inn'l’l'ﬂ.")' one tan foreree
developmentt n the {n";m‘hg diveetfions

E} Vit u; bolome bor arrays for
minidburized sesllenng (espenaily
:!ml-ﬂt H‘.‘thh‘hg) E)tgz-erimtmfﬁ.

L:) Use el fast debechor: for T.O.F
Expetviments nd sthgle moletwfes.

BUT REMEMBER : CHEMIMRY iy net PHYSYer !

WE MEED NPRARATA THAT CAw QoK RELIAGLY Awb ReuTImELY
EVERY DAY W THE HBANDE oF mon -IPCCiAUSTS .
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