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COMPLEX OF CRYOGENIC APPARATUS
FOR FOURIER-TRANSFORM INFRARED BRUKER VERTEX 70V
SPECTROMETER

Introduction. Infrared Fourier-transform Bruker spectrometer of Vertex 70v type is known to be a high-resolution re-
search device that has a rather high cost. The device manufacturer provides the possibility of expansion of its functional
possibilities due to cooperation with western partners, with the use of additional attachments to the spectrometer and con-
tinuous flow cryostats for temperature dependent measurements.

Problem Statement. The imported attachments are standard-type, not customized and quite expensive. Therefore, the
objective of this research is to expand functional capabilities of the spectrometer using Ukraine-made pieces.

Purpose. To design the configuration and to create a cryogenic apparatus for expanding the functional capabilities of
Bruker Vertex 70v infrared Fourier-transform spectrometer (Germany).

Results. The cryogenic apparatus consisting of the cryosystem with temperature controlled within 2.2—330 K based on
a helium continuous flow cryostat with a set of special manipulators and the cryosystem with temperature controlled within
80—500 K based on a combined nitrogen cryostat with vacuum refrigerant duct of continuous flow type and integrated res-
ervoir of liquid cryoagent has been created. The developed complex of cryogenic equipment is fully compatible with Bruker
Vertex 70v infrared Fourier spectrometer and enables temperature-dependent measurements of infrared transmission,
reflection, and photoluminescence spectra.

Conclusions. The designed cryosystems are as good as the best world analogs in terms of technical characteristics and
have an essential advantage over them in terms of cryoagent consumption rate.

Keywords: Fourier-transform spectrometer, temperature-controlled helium, and nitrogen cryosystems.

Bruker Vertex 70v infrared Fourier-transform | rers, in cooperation with their western partners,
spectrometer is a high-resolution and very expen- | envisaged the possibility of expansion of its capa-
sive research device. Therefore, the task of expa- | bilities with the use of additional attachments to
nding its capabilities by efforts of Ukrainian re- | the spectrometer and by equipping it with con-
searchers is rather relevant. The device manufactu- | tinuous flow cryostats (OptistatCF (Oxford In-
struments, United Kingdom) [1] or ST-700-FTIR
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nitrogen) for cooling the samples with cryoagents.
If the sample is placed in vacuum, OptistatDN-V [ 5]
and VPF-100 are proposed to be used [6]. In all
these cryostat systems, temperature control is
based on the principle of pumping a cryoagent
through the thermostated chamber of the cry-
ostat and heating it (the cryoagent) while pum-
ping. Pumping generates vibrations of the test
sample while measuring and is a significant dis-
advantage for spectral measurements.

As previously reported [7], in order to expand
the capabilities of Vertex 70v infrared Fourier-
transform spectrometer manufactured by Bruker
(Germany), a vacuum L-shaped module attach-
able to the spectrometer has been designed and
manufactured. This module enables mounting and
adjusting optical mirrors with a diameter of up to
50 mm and attaching a flow helium cryostat with
the possibility of temperature control within the
range of 2.2—330 K. This cryostat has no above
mentioned disadvantages. Also, there have been
manufactured special manipulators [8] for the
module to make magneto- and electro-optical
studies at a low temperature. However, there are
many tasks that require temperatures in the range
from liquid nitrogen temperature and above room
temperature. Such measurements can be useful,

for example, for studying temperature dependen-
ce of bandgap energy of semiconductor materials,
phonon anharmonicity, structural and phase tran-
sitions in inorganic and organic compounds, tem-
perature-dependent interactions between comp-
lex polymers, and kinetics of chemical reactions.
Unfortunately, the previously designed cryostat
did not provide such an opportunity. For this rea-
son, it was necessary to create an auxiliary flow
cryostat with temperature control within the
range from 80 to 500 K, in which the sample is
placed in the vacuum chamber of the spectrome-
ter. In this case, the sample is protected from vib-
rations and loss of desired optical signal due to its
reflection and absorption by the optical windows
of the cryostat.

Foreign manufacturers of flow cryostats use an
external vessel as a source of cryoagent and fle-
xible metallic sleeves through which vibrations
are transmitted to the cryostat for pumping the
cryoagent through the cryostat and through the
pump. Proceeding from this and taking into con-
sideration researches [9, 10], it was decided to
use a reservoir integrated into the cryostat as
source of cryoagent, from where the cryogenic
agent can be pumped through the thermostat
chamber under pressure. The functional diagram
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Fig. 1. Flowchart of the pressure-keeping system: 7 — pressure sensor; 2 —

generator discriminator; 3 — amplifier; 4 — protective comparator; 5 — thermal

diode (protective sensor of liquid nitrogen level); 6 — evaporator resistance (R,);
7 — cryostat tank with liquid cryoagent
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Fig. 2. Flowchart of the flow cryostat system with integrated tank for cryoagent:

EC10; EC4; ECS 4; and ECS7 are electric connectors; TC (K44) is temperature

controller; GFC is gas flow controller with built-in electrodynamic valve
(EDC); PC is personal computer

of the system for creating and keeping the exces-
sive pressure is shown in Fig. 1.

The pressure keeping system includes an in-
ductive pressure sensor, a generator discrimina-
tor, a power amplifier, an evaporator, a protecti-
ve comparator, and a liquid cryoagent level sen-
sor. The inductive pressure sensor contains an
inductor with a ferrite core. Varying pressure of
the gaseous cryoagent makes the ferrite core mo-
ve, and, consequently, changes the coil induc-
tance, which, in turn, causes varying frequency of
the generator and changing output voltage of the

ISSN 2409-9066. Sci. innov., 2019, 15(4)
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frequency discriminator supplied to the input of
the power amplifier. Its load is the evaporator
(R,) mounted on an inserted piece located in the
internal reservoir with a cryogenic cryostat fluid.
The protective comparator contains a diode pro-
tective sensor (PS) mounted on the inserted pie-
ce above the evaporator. The circuit controls the
level of cryogenic fluid in the cryostat reservoir
and switches off the evaporator when the cryo-
agent level is lower than the permissible one.

Fig. 2 shows a functional diagram of the cryo-
system, and Fig. 3 features the structure of nitro-
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Fig. 3. Scheme of nitrogen cryostat with
extended rage of temperature control and
built-in vacuum cooling conduit and sam-
ple transfer mechanism: 7 — outer case of
the cryostat; 2 — nitrogen tank; 3 — cry-
ostat cover; 4 — heat exchanger; 5 — tube
for suspending the sample holder; 6 — loc-
king device; 7 — vertical transfer mecha-
nism; 8 — screw; 9 — horizontal transfer
mechanism; 70 — guide rod; 77 — bellows;
12 — bellows; 73 — horizontal displace-
ment reference scale; 74 — vacuum valve;
15 — evaporator; 76 — nitrogen feed tube;
17 — sample holder; 718 — thermocouple;
19 — nitrogen transit channels; 20 — level
indicator; 27 — flange for fastening to

gen cryostat with extended range of temperature
control, which has a built-in vacuum cooler and a
mechanism for moving the samples.

When using the cryostat as a stand-alone de-
vice, its vacuum space is evacuated by a vacuum

72

spectrometer; 22 — flange for fastening to
attached module; 23 — heater

pump through the vacuum valve. While working
with a cryostat with attached module or with a
spectrophotometer, the cryostat and the attach-
ment, or the cryostat and the spectrophotometer
have common vacuum space that is evacuated
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Fig. 4. Detailed scheme of the transfer mechanism built in
the nitrogen cryostat: 7 — heat exchanger; 2 — pad; 3 —
tested samples; 4 — tube for fastening the transfer mecha-
nism; 5 — cover; 6 — mounting flange; 7 — tube connecting
the transfer mechanism with the heat exchanger; 8 — base
flange; 9 — screws; 10 — guide rod; 17— slider; 72 — upper
flange; 73 — screw; 714 — plug; 75 — nut; 16 — threaded
sleeve; 77 — handle; 78 — cup; 79 — angular tilt screws;
20 — spring stops; 21 — sleeve; 22 — bellows; 23 —bellows;
24 — spacer; 25 — tube; 26 — horizontal displacement refe-
rence scales (mm); 27 — arrow indicator of displacement

through the vacuum port of the attachment or
the spectrometer.

The cryostat consists of a sectional body, inside
of which there is placed a nitrogen tank with a
suspended screen surrounding the heat exchang-
er with a pad. The nitrogen tank is suspended on
the cover of the body using three thin-walled
tubes made of low thermal conductivity material.
The suspension tubes of the nitrogen tank are re-
quired for:

+ introducing a needle valve into the tank;

+ placing a vertical tube of a floating pointer of
liquid nitrogen level,

+ filling the tank with liquid nitrogen

+ mounting an evaporator.

In the cavity of the nitrogen tank there are
placed a float, a cryogenic pump, and a nitrogen
feed unit. When the needle valve is closed, ga-
seous nitrogen comes from the tank through the
tube, while if the valve is open liquid nitrogen in-
flows from the tank. The liquid nitrogen level in
the tank is visually monitored with the help of
the pointer placed inside the glass ampoule.

The heat exchanger with the pad is suspen-
ded on the tube fixed in the upper part of the
cryostat. It is moved by the transfer mechanism
together with the heat exchanger and the pad,
both vertically and horizontally. The structure of
the transfer mechanism is shown in Fig. 4.

The transfer mechanism is designed to move
the heat exchanger (7) with the pad (2) for
mounting samples to be tested (3) both vertical-
ly (up-down) and horizontally (see the top view
in Fig. 4). The mechanism is fixed at the upper
part of the cryostat on the tube (4) located in
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the center of the cover (5) that has a mounting
flange (6). The heat exchanger (1) with the pad
(2) is located in the tail part of the cryostat and
is connected to the transfer mechanism through
the tube (7) fixed at the upper part of the mec-
hanism.

The transfer mechanism consists of the base
flange (8) fixed on the flange (6) through seals on
the screws (9). On the flange (6), there is moun-
ted the guide rod (70) with the vertically moving
slider (77) that is connected to the upper flan-
ge (12) and moves together with it with the help
of the screw (73). The screw is fixed on the flan-
ge (8) and can rotate by means of the plug (74)
and the nut (75). While rotating, it moves verti-
cally the threaded sleeve (76) fixed on the flan-
ge (12). The screw (73) rotates by means of the
handle (77) and, while rotating, moves vertically
the cup (78) containing the screws (79) and spring
stops (20) together with the flange (72) on which
the cup is fastened. Through these screws and
stops, the sleeve (27) moves with the tube (7)
fixed therein. Thus, while the handle (17) is ro-
tating, the tube (7) together with the heat ex-
changer and the pad moves up or down. The bel-
lows (22) are used for sealing the gap between
the tube (70) and the slider (77) from the vacuum
space of the cryostat, whereas the bellows (23)
enable the movement of the tube (7), provided
vacuum is maintained in the vacuum space of
the cryostat.

In addition to moving vertically, the transfer
mechanism enables angular tilts of the heat ex-
changer with the pad relative to the vertical axis
of the cryostat in two vertical planes. As a result,
the heat exchanger with the pad moves horizon-
tally in two planes.

The angular tilts of the tube (7) are realized
by the two screws (79) that move its upper part
through the sleeve (27) relative to the spacer (24)
fixed on the tube (7) and tilting with it in the
tube (25) fastened on the inner side surface of
the nitrogen tank of the cryostat. The part of the
tube (7), which is above the spacer tilts to one
side while the part of the tube below the spacer

leans in the opposite direction. To change the
tilt of the tube to the diametrically opposite one,
the screws (719) are rotated to in the contrariwise
with respect to the initial direction. The spring
stops (20) mounted against the screws (79) bump
into the sleeve (27) on the opposite side. These
tilts have an angle less than 1° and can be consi-
dered linear displacement (instead of arc one) of
the tube (7) with the heat exchanger and the pad.
To measure the horizontal displacements of the
heat exchanger with the pad on the cup (718), two
scale bars (26) are mounted at an angle 90° along
the displacement directions. On the sleeve (27),
there are the two pointers (27) that measure the
linear displacements of the heat exchanger with
the pad relative to the scale bars (26).

Within the range of 80—300 K, temperature of
the sample fixed to the heat exchanger with the
pad is controlled by varying the rate of feed of
the cryoagent into the heat exchanger and by hea-
ting the heat exchanger by electric heater. The flow
of cryoagent coming from the nitrogen tank to
the heat exchanger channels through the feeding
tube and the tube on which the heat exchanger is
suspended to the gas flow controller (GFC) is cont-
rolled by a temperature controller that sends a
control signal through the electrical connectors
EC10 and EC4 to the electrodynamic valve
(EDV) mounted in the GFC at the outlet through
which the cryogenic gas stream escapes from the
cryostat. The heating of the heat exchanger is
controlled by a temperature controller (TC) that
supplies voltage to the electric heater.

The program for varying the temperature is gi-
ven by a personal computer connected to the TC.
To measure the temperature, on the pad with the
sample, there is mounted a thermocouple connec-
ted to the TC via ECS 7 connector on the cryostat.

To increase the pressure of nitrogen vapor, in
the tank of the cryostat, there is installed an
evaporator that affects the rate of flow of liquid
nitrogen into the heat exchanger. To protect the
evaporator from overheating, if the level of liquid
nitrogen in the tank falls below the upper part of
the evaporator, there is a protective diode that is

ISSN 2409-9066. Sci. innov., 2019, 15(4)
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activated when the level of liquid nitrogen drops
below the permissible one and triggers a signal to
the TC via ECS4 connector to switch off the
evaporator. Within the range of 300—500 K, tem-
perature on the pad with the sample is controlled
by TC that supplies voltage only to the electric
heater on the heat exchanger.

The cryostat enables pumping nitrogen vapor
to achieve low temperatures (up to 65 K). In this
case, it is possible to extinguish vibrations of the
sample by putting a mechanical isolation between
the pump and the cryostat in the form of a dense
reinforced rubber corrugated pipe located at the
outlet of the cryostat to which flexible corrugat-
ed sleeve is tightly connected. The other end of
this sleeve is tightly connected to a reinforced cor-
rugated pipe tightly mounted on the evacuating
junction pipe of the cryostat. In addition, the pump
is mounted on the floor through a thick rubber
porous plate to reduce vibrations such as a run-
ning pump.

The technical characteristics of the transfer
mechanism are as follows.

+ 4 holes for mounting the samples;

+ the possibility of up and down shift by + 11 mm;
and

+ the possibility of horizontal shift in two planes

for + 3 mm.

The technical characteristics of the cryosystem
are given in Table.

Technical parameters of the Cryosystem

while cooling down the cryostat, cm?,

atmost ... oot 500
while keeping a temperature of 80K,
cm?/hour,at most . .................. 150
while keeping a temperature of 65 K,
cm®/hour,at most .. ...l 250

Continuous operation at a temperature
of 65 K without refill with cryoagents,
hours,atleast........................ 4
Continuous operation (under supply of
a power of at most 0.1 W from outside)

at a temperature of 80 K, hours. ....... 8
Volume of the chamber with liquid nit-

TOZEN, CN® ..ottt 2500
Dimension of the heat exchanger, mm @36 x90
External dimension of the cryostat, mm @ 224 x 604

Weight of cryostat, kg ................ 6
Parameters of the electric heater moun-
ted on the heat exchanger:

Resistance,ohm .................... 70
Material ............ ... ... .. ..., Nickel-chromium,
@ 0.14 mm
L=2m

Thus, to expand the capabilities of Vertex 70v
infrared spectrometer manufactured by Bruker
(Germany), a flow cryostat with temperature
control within 80—500 K and with the sample lo-
cated in the spectrometer vacuum chamber has
been developed. The designed cryostat enables to
avoid problems associated with the sample vibra-
tion and the loss of desired optical signal due to
its reflection and absorption by optical windows
of the cryostat, and has as good capabilities as its
best foreign analogs.

The research was carried out within the frame-
work of the Research Instrument-Making Pro-

Range of temperature control, K........ 65+ 80 + 500 )
Cryoagents...........ooviinannin... Liquid nitrogen | 8ram of the NAS of Ukraine, grants P-2/16-40,
Liquid nitrogen consumption: P-2/17-40, and P-2/18-40.
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KOMIIJIEKC KPIOTEHHOT ATIAPATYPU
TSI THOPAYEPBOHOTO OY P’ E-CITEKTPOMETPA
BRUKER VERTEX 70v

Beryn. Bigowmo, mio indpauepsonuii @yp’e-cuexrpomerp Bruker Vertex 700 € npuiagioM JOCHITHAIBKOTO KJacy 3 BU-
COKOIO PO3/ILJIBHOIO 3IaTHICTIO, TIPOTE € BUCOKOBAPTICHUM. BUPOOHUKAMY TIPIIIAILY, 3aBASKY KOOIIEPAIlil i3 3aXiIHUMU apT-
Hepamu, TiepeadadeHo 301MbIeH s 100 (PYHKIIOHABHUX MOKIMBOCTEH 32 PaXyHOK PO3IIMPEHHS CIIEKTPaJIbHOIO Jiamna-
30HY 3a JIONOMOTOIO JIOIATKOBUX MTPUCTABOK JI0 CHEKTPOMETPA Ta OCHAIIEHHS KpiocTaTaMM IIPOYBHOTO TUITY IS TeMIle-
paTypHO3aJICKHUX BUMIPIOBAHb.

IIpo6GaemaTuka. /[ogaTkoBa IMIIOPTHA allapaTypa BUTOTOBJISIETHCS CTAHAAPTHOIO, HE BPAXOBYIOUM 0COOJIMBOCTI KOKHO-
TO EKCIIEPUMEHTY i, B CBOIO Yepry, Ma€ BUCOKY IliHy. ToMy 3aBraHHs PO3IIMPEHHS (DYHKIIOHATBHIX MOXKJIUBOCTEN CIEKT-
POMETpPa BITUM3HAHUMU 3aCO0AMU 3aMiCTh IMIIOPTOBAHUX € AKTYAJIbHUM.

Merta. Po3pobka KOHCTPYKIIii Ta BUTOTOBJIEHHS KOMILIEKCY KPIOT€HHOI anapaTypH Il PO3UIMPEHH (DYHKIIIOHATbHUX
MozknBoOcTel iHppayepBororo Myp’e-criekrpomerpa Vertex 70v sBupobuuirrsa Bruker (Himeuunna).

Pesyapratun. CTBOpeHO KOMIIIEKC KPiOTEHHOI armapaTypy y CKJIaji TepMoperyaboBanoi y aiarnazoni 2,2—330 K kpio-
cucTeMu Ha 6asi reJlieBoro Kpiocrara piMHHO-IIPOTOYHOTO THITY 3 HAOOPOM Clieliali30BaHUX MAHIIYJISATOPIB, a TAKOXK TEp-
MoperysiboBatoi y aianazoni 80—500 K kpiocucremu Ha 6asi KOMGIHOBAHOTO a30THOTO KPiOCTaTa 3 BAKYYMHUM XOJIO-
[IPOBOJIOM TIPOTOYHOIO THITY Ta IHTErPOBAHMM PE3EPBYapPOM PiZIKOro KpioareHta. Po3pobieHnii KOMILIEKC KPIOreHHOI ara-
paTypy € HOBHICTIO aanToBaHuM Jijist pobotu 3 iHbpadepsorum Dyp’e-criekrpomerpom Bruker Vertex 70v Ta 3abesneuye
MOJKJIMBICTD [IPOBEEHHST TEMIIEPATYPHO-3a/I€KHIUX BUMIPIOBaHb CIIEKTPIB iH(bPAuYepBOHOTO IPOITYCKAHHST, BiIOMBAHHS Ta
doTromoMinecIeHTIii.

BucnoBku. XapakTepucTUKu Po3pOOIeHNX KPiockcTeM 3a (DYHIIOHAIBHUMU IIOKa3HUKAM He TIOCTYTIAIThCST KPAIUM
3aXiJTHIM aHAJIoTraM, a 32 BUTpaTaMi KpioareHTa MaloTh CYTTEBI IIpeBaru.

Kntwouoei cnosa: Oyp’e-crieKTpOMETp, TEPMOPETrYIbOBaHI rejli€Ba, a30THAa KPIOCHCTEMU.
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KOMIIJIEKC KPYMOTEHHO ATIITAPATY PbI
JUIA MTHOPAKPACHOTO ®OYPLE-CIIEKTPOMETPA
BRUKER VERTEX 700

Beenenne. 3sectro, uyto nHbpakpacusiii Dypbe-criexkrpomerp Bruker Vertex 70v siBisieTcst npubopoM HccieoBa-
TEJIHCKOTO KJIACCA ¢ BLICOKOIT pa3peliaionieil crocobHOCThIO, HO SIBJSIETCST I0POrocTosiuM. Marorosuresu mpubopa, 6aaro-
Jlaps Kootiepanuun ¢ 3alaIHbIMU TTapTHEPpaMU, TIpeAyCMaTpUBaIn paCIINPpEHNE €ro q)yHKI_[I/IOHaJIbHBIX CHOCO6HOCTCI>'I npu
TIOMOIIHN AOMMOJTHUTEIbHBIX IIPUCTABOK K CHEKTPOMETPY U OCHAIIEHUA KPUOCTATaMU IIPO/ITyBHOTO THUIIA.

IIpo6aemaTuka. /lonoHuTebHast UMIIOPTHAS allllapaTypa U3TOTaBJMBACTCS CTaHAAPTHOM, He yYUThIBas 0COOEHHOC-
THeN KaXK/[Or0 9KCIIEPUMEHTA U, B CBOIO OY€EPE]ib, MMEET BBICOKYIO Ieny. [loaTomy 3amaya pacmupenus GyHKIIMOHATIbHBIX
BO3MOKHOCTEI CIIEKTPOMETPA OTEYeCTBEHHBIMU CPEACTBAMU BMECTO UMIIOPTHBIX SIBJISIETCS aKTYalIbHOIL.

Iesnb. PaspaboTka KOHCTPYKIIMU W M3TOTOBJIEHME KOMILIEKCA KPUOTEHHON arapaTypsl AJisl paciiupeHus (QyHKIO-
HaJIbHBIX BO3MOKHOCTEl nHppakpacHoro Dypbe-criekrpomerpa Vertex 700 npoussoacrsa Bruker (Tepmanus).

Pesyabratei. Co3/iaH KOMIUIEKC KPUOTEHHOI alapaTypbl B cOCTaBe TePMOperyJnpyemoil B quanasone 2,2—330 K
KPpUOCHUCTEMbI Ha 6336 reJIneBOoro Kpuocrara KUJAKOCTHO-IIPOTOYHOI'O TUlla C Ha60pOM ClIeIIMa/IM3NPOBAHHBIX MAHUITYJIA-
TOPOB, a Takke TepMoperyaupyemoii B auarnazone 80—500 K kprocucrembpl Ha 6aze KOMOMHUPOBAHHOTO a30THOTO KPHOCTA-
Ta ¢ BAKYYMHBIM XJIQJIOMPOBOIOM MTPOTOYHOTO THIIA ¥ HHTETPUPOBAHHBIM PE3ePBYapOM KUKOTO KproareHTa. Pazpaboran-
HBII KOMILJIEKC KPMOTEHHON alnaparypbl SBJISETCS TTOJHOCTBIO aallTuPOBaHHBIM i paboThl ¢ uHppakpacHbiM Dypbe-
criekTpomMeTpoM Bruker Vertex 70v u obecriedrBaeT BO3MOKHOCTbH MIPOBEIEHUS] TEMIIEPATyPHO-3aBUCHMBbIX U3MEPEHUI
CTeKTPOB NHGMPAKPACHOTO TIPOITYCKAHUST, OTPAKEHIST U (POTOTOMUHECTIEHITUH.

BsiBoabl. XapakreprcTuKu pa3paboTaHHbIX KPHOCUCTEM HE YCTYHAIOT JIYYIITHM MUPOBBIM aHAJIOTaM [0 (hYHKIIMOHAIb-
HBIM [IOKA3aTeJIsIM, a 110 3aTpaTtaM KPHOAreHTa NMeIOT CyIIeCTBeHHbIE TTPUMYTIECTBA.

Knwouesvie cnosa: chpr-CHCKTpOMCTp, TEPMOPETYJINPOBAHHDBIC T'eJINCBasd, a30THAA KPUOCUCTCMBI.

ISSN 2409-9066. Sci. innov., 2019, 15(4) 7





