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A long path length pulsed slit valve appropriate for high temperature
operation: Infrared spectroscopy of jet-cooled large water clusters
and nucleotide bases

Kun Liu, Raymond S. Fellers, Mark R. Viant, Ryan P. McLaughlin, Mac G. Brown,

and Richard J. Saykally
Department of Chemistry, University of California, Berkeley, California 94720

(Received 20 September 1995; accepted for publication 28 Novembe)y 1995

We report the design and performance of a pulsed slit valve for generation of supersonically cooled
species in a long path length planar expansion. Utilizing three commercial solenoids driven
synchronously by an economic power transistor circuit, the valve produces pulses adjustable in
width from 500 to 100Qus with a repetition rate up to 80 Hz. The pulsed valve can be operated
continuously for 12 h, and operation over one month is typical before major maintenance is
required. The path lengti density product attained by this pulsed source is sufficient for observing
large cluster species, such as the water hexamer, on our far-infrared spectrometer. With the addition
of a detachable sample oven, it can also be heated up to 230 °C to inject nonvolatile molecules into
planar supersonic expansions. 96 American Institute of Physid$S0034-67486)05602-4

I. INTRODUCTION sions. While in the former case, the maximum slit path
) _ length is now 40 mrhin the latter can be as long as 120

The development of supersonic free jets has had a trnm 16 \we note general similarities in design between the

mendous impact on chemical phystcsTwo particular sub- Berkeley room temperature slit valve described below and

jects for which our understanding has been greatly enhancetﬂe one by Sharpe and co-workers from Pacific Northwest
by this advance are weakly bound clusteasd biological Laboratory.

molecule’ In the former context, the subsequent develop- Here we describe a slit valve design that is simple to

;netnf[l cg‘ tht(?_ o fand pulseﬁllflllt éet eg%a_msmns e(rjlabled onstruct, reliable to operate, and adapted to heating up to
ctaled studies of many weakly bound dimers, and a Smagq, o jn order to study nonvolatile systems, such as the

number of trimers, tetramers, and pentamers, by midatRi . e . .
P . nucleotide bases. Utilizing three synchronized commercially
far-IR® laser spectroscopy. A number of reviews on the de- . . L )
. 0 : .~ ."~available solenoids, driving a 101.6 mm by 0.127 mm slit
sign of such sourcés® and on the physics of clustering in

supersonic expansiols®®have been published produces planar jets with a pulse width that is adjustable

Pulsed slit jets are of particular relevance as one seeks {6om a few h“r?dred microseconds u'p. to a millisecond. Con-
nuous operation at an 80 Hz repetition rate for up to 12 h,

address sequentially larger cluster systems by laser abso;%rld iively f ; ks with minimal maint
tion spectroscopy, for several reasons. First, a pulsed jet cd consecutively Tor up to Weeks with minimal maintenance

offer higher instantaneous beam intensities, and Consér_nroduces no noticeable change in performance. Combined

quently larger clusters, than a cw jet expanded through with a cgnfocal optical multipass cell on the Berlfeley tun-
nozzle of the same geometry, while also reducing the gag‘lble far-infrared laser spectrome_l’érand tunable diode la-
load on the vacuum pumps as a result of the low duty cycleS®" spectrometeéf, a total absorption path length of 2as
Second, the spectral linewidth is reduced to below the roonf?@ny as 50 for the mid-IR experimentl01.6 mm can be
temperature Doppler limit by the high degree of collimation"®@dily achieved in the high density region of the planar
of the wedge-shaped supersonically expanding gas. ThirgUP€rsonic expansion. _ _

the path length< density product is much larger for a slitjet, ~ In our far-infrared vibration—rotation—tunneling spec-
as compared to a pinhole expansion. This is due both to thE0scopy (FIRVRTS) studies of water clusters, a substantial
geometry and to the fact that the density drops & fbf a  improvement(up to an order of magnitudién the signal-to-

slit (D =distance from the nozzldénstead of 1D?, as for a noise(S/N) ratio has been accomplished for the absorptions

pinhole. This latter feature also enhances the production d¥bserved previously with a continuous planar supersoriic jet
larger clusters in the expanding jet. of the same slit dimensions. Furthermore, it is found that
Since the first successful implementation of a pulsed plalarge clusters, such as the water pentathean only be
nar supersonic jet for high resolution spectroscopy byobserved with the pulsed planar jet under the same absorp-
Amirav, Even, and Jortnéf, who employed two spinning tion limits on our spectrometer. In the tunable infrared diode
concentric cylinders with a slit length of 35 up to 90 mm, laser experiments, this valve has not only been used at room
many slit valve designs have been demonstrated for the stuéemperature to generate water clusters, but also heated to
ies of weakly bound clusters. Among the variety of possible~230 °C to obtain the jet-cooled absorption spectrum of the
mechanical designs, the most convenient approach employ®nvolatile nucleotide base ura&fl.
a solenoid actuated mechanism. Typical examples of this The rest of this paper is organized as follows. In Sec. I,
type are given by Lovejoy and Nesbitand Sharpet al’®  a detailed mechanical construction of the valve is given, fol-
Both designs have since been refined from their original vertowed by the description of an electronic driver circuit for
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FIG. 1. The cutaway view of the valve: BP—backplate of the valve, DC—diffusion channel for the sample vapor to enter the slit body; GP—guiding post for
restricting the poppet motion, GVB—commercial general vdl8¥) solenoid body, GVF—solenoid mounting flange, GVS—compression spring inside the
solenoid, LN—Ilocking nuts to turn the screw links as well as to lock the screws in position, OS—O-ring seal, P—poppet, S—slit, SB—slit body, SL—screw
linkage replacing the commercial poppet, SO—detachable sample oven, SS—silit sealing cord, the front surface of which is sanded flat.

three synchronous solenoids. Section Il discusses the overaif the turbulence layer is determined by the ratio of the slit
operation. Cluster number density and sensitivity estimatesyidth to the throat length, for a given Reynold's number. The
together with the experimental data obtained using the valveslit is sealed from the inside of the source body using a

are presented in Sec. IV. 105-mm-long, 2.77-mm-diam Buna cord, which is set in the
front face of the poppet.

Il. CONSTRUCTION The poppet must be strong and light, and hence is con-

A. Mechanical design structed from aluminum. The Buna cord is trapped within a

groove in the poppet, the cross section of which is best de-
scribed as a partially buried semicircle. This was machined
The main body of the source is constructed from twopy grilling a hole along the length of the poppet and then
stainless stee(300 series parts, a removable front section mijjing off the front face until the hole was exposed as a
(slit body), and a backplate on which the solenoid valves "% hannel. The width of this channel is only slightly smaller

mounted, as shown in Fig. 1. A Buna-N O-ring provides at‘hhan the Buna cord such that the cord can be easily pushed

vacuum seal between the separate sections. The inside of INto the groove without being stretched first. We found this

slit body is milled to a depth of 12.7 mm to accommodate a :
. . : procedure useful to avoid two unwelcome results; a
poppet, which connects to the solenoid mechanism through'a

screw linkage. The slit body depth and thereby the screv?tretChed O-ring takes a long time to relax to its .original
linkage length were minimized so as to facilitate the ag”eshape and thus changes the seal performance during opera-

response of the poppet to the moving plungers inside of th_gon, and(b) if a cort_j has to be stretched to fit in th(_a groove,
solenoids. its exposed area will be too small for the flat sanding proce-

The slit, with dimensions of 101.6 mm by 0.127 mm, is dure described below. A light application of Krazy glue in
located in the front face of the slit body. It was cut usingthe groove helps further secure the cord. To achieve a good
electrical discharge machiningEDM), and has a throat seal of the Buna cord against the slit, two steps must be
length of 3.2 mm. A longer throat length of 4.8 mm has beertaken. First, the side of the Buna cord which contacts the slit
found to yield weaker cluster signals due to the interferingis sandpapere@No. 600 sandpapgflat, such that the Buna
turbulence layers established inside the nozzle; the thickness only just proud of the front face of the poppet. Second, the

1. Room temperature
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inside surface of the source body around the slit must be
polished.

Two stainless steel guiding podts2.7 mm long, 3.175
mm in diameter mounted on the inside of the backplate, triggerin>—|_£o_|_
restrict the movement of the poppet to only the forward and fdd
backward direction. To facilitate a smooth motion, Teflon™
bushings are located within the holes in the poppet through
which the guide posts extend. The height of the post is de-
signed to be the same as the depth of the slit body; this
serves as a guide for valve adjustment described latter.

Mounted on the outside of the backplate are three com-
mercial solenoid valve$General Valve Corporation, series
9). Two modifications were made on the supplied mounting
flange. A 12.7-mm-diam step on the front side of the flange
was lathed to match the counter bore on the back of the
mounting plate. This ensures the concentric alignment of the o ) )

. FIG. 2. Three channel solenoid driving circuit. The required external trigger

So!enOId to the gas entrance channel on the ba}Ckplate' Trlgn be supplied by a function or pulse generator. Under normal operating
exit hole on the flange has been enlarged to increase gasnditions, the three solenoids draw an average current of 70 mA from the

throughput, as well as to decrease the tendency of frictionakgulated dc power supply. The transistor ECG99 can be replaced by a

Wearing between the screw link and the flange. higher rating E_CG98. To preyent inducti\{e high voltage spikes from dam-
. . aging the transistor, appropriate Zener diodes can be connected to the col-
Three stainless steel screw link&—40 threadsreplace  |oior of ECGY9.

the commercial “poppets{manufacturer’s notation These
screws each need to be set at the correct lefig® mm) to
ensure that the poppet lies both parallel to and flush with th@eatersOmega, OT-715 150 Wone is attached to the top
inside of the slit, resulting in a good seal when the solenoid®f the main source body and the other to the bottom of the
are deactivated. To achieve this the screws should be tigh2mple reservoir. Typé thermocouples are used to monitor
ened into the poppet; stainless steel helicoils are buriefh® temperature at various points on the slit body and the
within the poppet to provide durable threads. With all theSample reservoir.
solenoid parts fully installed, the ends of the post guides ~Several modifications were required to adapt the room
should lie just below the front faces of the bushings. Oncdemperature valve for high temperature operation. The source
correctly located, each screw is locked in place using twdS constructed from copper to ensure even heating, and is
nuts. The same locking nuts also provide the turning mechagold coated to minimize surface-initiated decomposition of
nism of the screws, which are specially machined to have the biological samples. The slit is sealed with a Viton cord.
flat head so as not to distort the compression spring insidé/hile the Viton generally works well, it tends to harden over
the plunger. time and has to be replaced after approximately 20 h of high
Three gas inlet lines enter the source, one attached to tHeMperature use. Vespel bushings are used instead of Teflon
back of each solenoid assembly. Incoming gas passes alof@ help the poppet ride smoothly on the guide posts. The
these lines and through the central channels within the soléSource is mounted between two 19.05-mm-diam stainless
noids before entering the main source body. Only when thsteel rods which are, in turn, attached to a vacuum chamber
solenoids are activated and the poppet is retracted from tHféange via pipe fittings(Cajon UltraTory. Macor spacers
slit can a gas pulse escape. placed between the rods and the source act as thermal insu-
Not shown in Fig. 1 are two strip angles for mounting lators, keeping the source temperature stable. To prevent
the valve to any fixture. The angles are attached to the reondensation of the sample vapor, the carrier gas is pre-
side of the backplate in between the solenoid mountind'€ated by wrapping heating tape around the three stainless
flanges. The appropriate sides of the round flanges were cgteel inlet tubes leading into the back of the solenoid valves.
off on a sand grinder to yield space for the angles. In oufFine copper wire placed inside of this tubing maximizes the
configuration, the angles were then mounted on a transldl0t surface area exposed to carrier gas, hence increasing the

tional stage for adjusting the downstream distance betweegfficiency of the preheating.
the slit and the multipassing laser beam. The source can be operated at temperatures up to

230 °C, limited mainly by the integrity of the solenoid
valves. Higher temperatures could be achieved by cooling

2. High temperature J X )
. ) the solenoids directly and using a more durable elastomer
The main body of the high temperature source has th%uch as Kalrez instead of Viton.

same basic design as the room temperature version described
above, but it also includes a detachable sample reservoir on
the bottom for holding solids or liquids. It is constructed
entirely from materials that can withstand high temperatur
operation. The main source body and sample reservoir are The synchronous operation of the three solenoids is ac-
connected by an array of sample diffusion holes located justomplished with a fast power switching transistor circuit

below the poppet. Heating is accomplished using two strigFig. 2). The circuit described here is by no means unique

0.088uF
1

pious|os

WTTEL

225W

+300 VDC

eB' Driving electronics
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but it is easy and economic to construct. It consists of two
parts—timing and power switching.

An external trigger transistor—transistor logi@TL)
pulse is provided by either a function or pulse generator;
only the rising edge of the pulse is necessary. The adjustable
pulse width is determined by the RC time constant between 4 —
pins 14 and 16 on the dual multivibrat6r4123. A buffer
invertor (741289 is used to protect the timing circuit from the
transistor switching part. To achieve fast response, a speedup

0.002 uF capacitof! is connected across the 220 base 5 N Dimer signal
resistor. e~ P
Two high voltage switching transistors are utilized to ¢ oo ) )
ensure sufficient amplification of the low TTL currentin or- & |-~ —~' Mo _____ Trimersignal _ _ _ |
der to activate the solenoids. For each solenoid channel, thé

voltage is applied by a KEPCO 400 VDC, 400 mA power 2 -
supply through a ballast resisttr k(), 225 W) and a power ~ f--------- e T e
capacitor(0.47 uF, 600 VDQ. The total current profile can
be monitored by measuring the voltage across(aresistor N
at the emitter of transistor ECG99. Inductive voltage spikes mrTr T S e e
from the solenoid can be prevented from damaging the tran- b ” H
sistor by using appropriately rated Zener diodes at the col-
lector or a bypass diode and resiétoin parallel to each
solenoid. Presently, only a capacitor is employed for this ﬂ
T
0

Boxcar gates

purpose. 0 Driving pulse /5

IIl. OPERATION Time (ms)

Three solenoids are activated simultaneously by a singl€&IG. 3. Overlay of the important timing sequences during one trigger event

current pulse, the temporal profile of which is displayed inon the FIRVRT experiment. Signal@cquired from a digital averaging
P P P play cope from different D,O (except that the hexamer is of pure® clusters

Fig. 3. Uncoordinated plunger motion leads to a dStortedj‘vere taken at different laser absorption frequencies. The first boxcar gate
current wave form and an uneven gas pulse across the slit. éamples the background of the signal trace, while the second samples the
proper adjustment is achieved by rotating the solenoids, theeak of the absorption profile. The subtraction of the two gated signals was
resulting strong magnetic field will pull all three ferromag- Performed on an analog process@tanford Research Systgmwhich in

. . . turn was displayed on a computer.
netic plungers into the core of the solenoids. Through the

screw linkage, the concerted plunger motion lifts the sealing5
. . . _Sure, a steady source temperature can be reached. The source
poppet evenly away from the slit nozzle. The spring tension

and the end of the plunger travel are adjustable simulta"®" be operated at up to 80 Hz, butin practice, itis generally

neously by turning the solenoid body, which is what prima'run ?LSSS_OAIrgnEiZd resistance changes with increasing tem-
rily determines the temporal length of the gas pulse. The erature, and this alters the tunir? of the valves Elence
plunger can bounce back toward its rest position after it hitd€" ' 9 - '
the bottom of the solenoid core. The holding current puIseWh'.Ie the room tempera’Fure source does not need adjustment
length and amplitude need to be adjusted to minimize bouncqur.mg op_erapon, the h'gh. temperatu_re source needs to_ be
ing the plunger against the travel stop and the poppet again(s)f)?'m'zedm situ after attaining the_deswed temperature. 'I_'h|5
the nozzle. With the present circuit, the peak current moni-ad]us'"m:‘\nt is accomplished by slightly rotating the gas inlet

oed i e 10 esistr & about 1600 ma and e otial 2% 1% S 1, e ack o eeh e, e
pulse width is between 500 and 7@&. A longer gas pulse 9 P ' 9

requires higher holding current, which can be achieved witﬁ[he maximum throughput condition.

a smaller ballast resistance.

The heated source operates in a similar fashion to thé-v' PERFORMANCE
room temperature source except for a few changes due to As a numerical example, we estimate the number densi-
high temperature running and the nature of the samples studies of various water clusters produced and absorption detec-
ied. During operation the hot sample vapor diffuses from theion limits attainable with the pulsed slit jet using the Beer—
reservoir into the main source body. Here, the sample ikambert law. The number density drops as, Where §
mixed with the preheated carrier gas before expanding=D/d, d being the slit width 0of~0.102 mn) is a reduced
through the pulsed slit. The top heater is kept at a highecenter line downstream distance from the nozzl@he
temperature than the lower heater to ensure that no condenezzle stagnation temperature and pressure are 3Lbder
sation of the sample occurs in either the source body or thaormal operations the nozzle temperature is slightly higher
slit. The temperature stability of the source is affected by thehan room temperature due to mechanical friction and undis-
gas flow rate. For a given repetition rate and stagnation presipated heat from the solenojdand 1.5 atm, respectively.

Rev. Sci. Instrum., Vol. 67, No. 2, February 1996 Pulsed slit valve 413



Roughly 1% of the water molecules seeded ir-2% mix-

ture is conservatively assumed to form dimers, while a factor K=4 K=5
of 5 sequential reduction for higher clusters is adopted inthe y=456 7 8 9 101112 13 567 8 9101112
following density calculations. Under these conditions, the ] | ‘ l ’ ‘ ‘ ‘

M

—

center line number density of the water dimer is on the order ’ |
of 10*2-10* cm™2 at downstream distances ranging from 1
to 5 cm, where the multipassing laser intersects the pulsed
jet. The corresponding hexamer density exceeds 10 H
clusters/cm. The thermal distribution over rotational states
at 5 K leads to a 10- to 100-fold reduction of these number
densities for each quantum state. Based on the absorbance
sensitivity of 10 8/(Hz)'? for the Berkeley far-infraredFIR)
spectrometers.’ a typical path length of 224 cm, and a rea-
sonable peak absorption cross section of‘f@n? per clus-
ter species for a-5 MHz linewidth, we estimate a detection
limit on the order of 1B clusters /cm per HZ/? per quantum
state. In a 10 kHz detection window arising from the time
constant of the lock-in amplifier, this translates into a sensi-
tivity of ~10 clusters/cm per quantum state per pulse. Fur-
ther improvements on this limit derive from the gated signal
averaging, wherein more than an order of magnitude gain in Frequency (GHz)
S/N can be readily achieved. From the above estimate, it is
clear that the sensitivity attained with the pulsed slit jet iSkig. 4. A portion of theQ branch of the cyclic water pentam@,0); VRT
more than adequate for observing intermediate size clustepectrum. Rotational quantum numbérandK are labeled. The flattop in
species such as the water penta]r%and hexame?? the plot was due to the off-scale s_i_gnal. The high the_r than 50;1' has
Figure 3 cisplays a series of signa traces for VR tran°2n oblaned fr stonger vansions nol show pecates effcen
sitions in various size water clusters, together with the driv+jon has been observed previously with a cw slit of the same dimensions on
ing current pulse. The FIR absorption signal is recoveredur spectrometer. A careful simulatigincluding both Hal-London and
with a digital lock-in amplifier(Stanford Research Systems, Boltzmann factorsof the relative intensities of all th@ branch lines yields
SRS830 operating at 10Qus time constant andf2detection, a rotational temperature of 5-6 K.
wheref is the reference frequency for frequency modulation

(FM) of the laser. The transient output of the lock-in is thenpumps(Edwards, model E2M275is used to handle the high
fed into the boxcar¢SRS250 for gated signal integration gas throughput of the nozzle. While in general the absorption
and averaging; one samples the peak of the transient absorgignal was observed at a background pressure of 25 mTorr
tion, and the other the background. Due to the detectioRith Ar carrier gas(higher for lighter gases such as Ne and
scheme, the 90Qs full width at half-maximum(FWHM)  He) at a repetition rate ranging from 40 to 60 Hz, slightly
signal pulse width does not represent the true gas pulsgifferent optimal conditions were found for different size wa-
width. The former is an upper bound of the latter; a longerter clusters. Water dimer and trimer prefer higher backing
time constant further extends the signal pulse width. The 1.81.8 atm) and background30 mTorp pressures than the
ms delay between the onset of the current pulse and the pe#dsger clusters such as the hexamer, for which the corre-
signal is also primarily due to the lock-in detection. A direct sponding values are 1.5 atm and 25 mTorr, respectively; sen-
real-time observation of the signal with only a preamplifier sitive to these small differences in pressures, the signal in-
after the detector indicates a 3% corresponding delay, tensity can change by up to a factor of 3. Arguably, the
which is a reasonable time for the plunger to lift the poppetdifference in the cluster formation kinetics is primarily re-
away from the slit. As expected and noticed in Fig. 3, thesponsible for the above observations; e.g., lower backing
absorption signals of different clusters occur at the same timpressure leads to an effective increase in the water vapor
relative to the triggering current pulse because of the similaconcentration, preferentially producing larger clusters. A
center line translational temperature in the seeded jet. Th#200 sccm mass flow rate was measured under the above
velocity slip effect viz. the phenomenon of different speciesoperating conditions.

traveling at different mean velocities in the supersonic coex-  Significant improvements in sensitivity of the FIR spec-
pansion of mixed gases, cannot be observed with the tempdrometers have been made by incorporating the pulsed slit
ral resolution of our experiments. The signals are observedource, relative to the cw source of the same geoméiiy-

with a total optical path length of 223.5 cm achieved by aure 4 shows a portion of th@ branch region in the FIRVRT
confocal multipass cell; the long axis waist of the elliptical spectrum of the water pentam@nwhich has not been ob-
multipass pattern is 4 cm, and is located with one edge 1 craerved with the cw source. Compared with the cw nozzle, the
downstream of the nozzle. Water clusters are produced bgpparent disadvantage of the low duty cycle in the pulsed
bubbling Ar at 1.5 atm through room temperature water andource has been compensated for by a much more intense
expanding the saturated vapor through the slit nozzle. A 134pulsed jet containing higher concentrations of larger clusters.
/s 1 mechanical boosteiEdward3, backed by two rotary The 5 MHz linewidth observed when a transition is fully

T T I ! I T
2434.20 2434.24 2434.28
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Q(1) Q(2) Q@3) Q) Qa(s)
[ , R(9)

R(8)

| all
BR

50 MHz

1704.77 1704.82 1704.87 1704.92 1704.97
Frequency (cm’")

FIG. 6. A 0.2 cm region of thews vibrational band of jet-cooled uracil,
Frequency —— with spectroscopic assignments labeledré43) [each thick mark represents
differentK, andK. quantum numbers in a giveR(J) manifold], using the
heated pulsed slit valve on the diode laser spectrometer. The experimental
FIG. 5. A spectrum of th€ branch region of the singféN substituted NO conditions are described in the text. At 210 °C, the vapor pressure of uracil
obtained on the Berkeley mid-IR tunable diode laser spectrometer unddg 75 mTorr. The rotational temperature is difficult to estimate due to the
heated source conditions. The supersonic jet was prepared with a,0% N unreliable determination of relative signal intensities; however, we estimate
seeded in He at a stagnation pressure of 2.5 atm. Rotational quantum nurpg K as an upper limit.
ber J is labeled in the parentheses. A rotational temperature of 8% K
results from fitting the relative intensities Qf(1) throughQ(5) to a Boltz-

mann distribL_Jtion fpr thg linear JO. _Heating the source to 220 °C did not confocal muItipass cell together with the slit nozzle.
create any discernible line broadening. To characterize supersonic cooling under heated source
conditions, we probed theQ branch portion of the
modulated is the same as that obtained in a continuous jet. ®1'0—00°0 **N*N*0O rovibrational band at 585.3 cm
is mainly determined by the nonorthogonal intersection of(Figure 5. The *N isotope (0.7% natural abundancevas
the laser beam and the supersonic jet due to the multipaghosen to reduce the interferifdN,O absorption in the
geometry; attempts to skim the planar expansion did not furbackground of the vacuum chamber. At a source temperature
ther reduce the linewidth. The Doppler width estimated forof 200—220 °C, a stagnation pressure of 2.5 atrr{déatain-
passing a single laser beam parallel to the slit should b&ng ~1% nitrous oxidg and a repetition rate of 35 Hz with
slightly narrower. The observed overall spectrum is consisa solenoid current pulse width of500 us, the intensity
tent with a rotational temperature of 5—6 K in an intensitydistribution of theQ branch agrees well with a Boltzmann
simulation considering both the Boltzmann and nHe rotational temperature of 8#0.5 K. A recording of the same
London factors, which is about the same value as observespectrum under similar conditions, except holding the source
for the cw planar jet. This rotational temperature has also at room temperature, yielded a corresponding temperature of
been confirmed in other clusters such #3,0); and 4.0+0.5 K. A higher repetition rate and longer pulse width
(H,0)5.2%2* An order-of-magnitude increase in S/N has beentended to cause fluctuations of the source temperature greater
observed on the signals of the tetrafemd trimer?* which  than 5 °C. The observed 0.001 cm(30 MHz) FWHM of
were previously studied in a cw slit jet. In addition, strongthe peaks was primarily due to the instability of the laser
signals from an exotic isotopically substituted trimer frequency and not due to Doppler broadening. Furthermore,
(D,0),HOD have been first observed with the pulsed jet bythere was no discernible broadening of the peaks upon heat-
bubbling Ar through 99.9% BD at room temperature, even ing the source.
though previously the same spectral region had been care- To initiate our effort to study hydrogen-bonded clusters
fully scanned with a cw slit jet® Note that the probability of containing DNA and RNA bases, we have used the heated
forming this mixed trimer relative to that dD,0)5 is only  slit valve to generate jet-cooled uracil. Operating at a tem-
1:999 in the jet. perature of 190 °C for the sample reservoir and 210 °C for
We also tested the source performance on our mid-IRhe slit body, while maintaining other conditions similar to
tunable diode laser spectrometer. The apparatus is similar those in the NO experiment, we observed thg fundamen-
that described elsewhet® Briefly, the transient absorption tal band (a-type mixed carbonyl stretching vibratiprof
signal from the IR detector is amplified, bandpass filterecuracil, centered around 1703.888 th?° Figure 6 shows a
(3—30 kH32, and acquired by two gated boxcar integrators. A0.2 cm ! region of theR branch, including rotational quan-
total path length of 4.0 m was accomplished again using &um number assignments. The pure rotational spectrum of
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uracil was first reported by Browet al. using a microwave ®R. J. Saykally and G. A. Blake, Scieng&9, 1570(1993.

Spectrometer and heated cw pinho|e Supersonie7j§hat SW. R. Gentry, inAtom?c and Molecular Beam Methadsdited by G.
Scoles(Oxford University Press, New York, 1988Vol. |, pp. 54—82.

work measured 65 pure rotational transitions with a typicaImM Kappes and S. Leutwyler, in Ref. 9, pp. 380415
SIN of 10:1. Comparing the S/N ratios obtained in the twoug F Hagena, Surf. Sclo6 101 (1980,

different experiments, and also considering the fact that mi?s. B. Rayli and J. B. Fenn, Ber. Bunsenges. Phys. CI8&245(1984).

. . 13 H :
crowave spectrometers are typically 10—100 times more Se@iﬁ'fﬁﬁfé‘”ﬁé@ :Cglnfaﬁj“‘; é%&se?-Chem Phys. L8, 1 (1981

sitive than mid-IR diode laser ;pectrometers, the advantag@s_ W. Sharpe, R. Sheeks, C. Wittig, and R. A. Beaudet, Chem. Phys. Lett.
of the large path lengtix density product afforded by the 151 267(1988.

pulsed slit is clearly evident. 18T, A. Hu, E. L. Chappell, and S. W. Sharpe, J. Chem. Pi9@s.6162
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