How the temperature Is controlled

» The variable temperature (VT) gas flow streams
through a pipe into the sample space. _/ \__

« The VT gas flows along the sample tube and finally NVRCol___ |
leaves the probe head at the top. "

Sample

Shim System Cooling

 The VT gas flow heats or cools the sample, when it
streams around the sample tube.

VT Gas Flow —____ _____——+— Temperature Sensor

« Atemperature sensor measures the gas flow
temperature and gives this measurement value to a
control unit. This control unit regulates the heater

power by a regulation algorithm. E

VT Flush Gas

Heater -
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Which NMR instrument to choose

Choose the proper instrument for your experiment based on the temperature range in the table

NMR Instrument Probe Cooling Device  Temperature Ranges
600 MHz MSCH Nitrogen cooled FTS chiller 5-171 °C

600 MHz Chem 1047 Helium cooled Smart cooler BCU | -42-171 °C

800 MHz Chem 1047 Helium cooled Smart cooler BCU | -40-80 °C
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Sample preparation

* The highest temperature allowed should be at least 10 °C
below the bolling point of your solvent. The lowest temperature
should be at least 10 °C above melting point of your solvent.

« Sample should be stable at your target temperature
* Do not seal the tube
« Keep sample height short (400-500 pL)

* Use high quality NMR tube, economy tubes may deform or
fracture at temperature extremes
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Solvent data chart

http://isotope.com/uploads/File/new_datachart.pdf

Y

'

Cambridge Isotope Laboratories, Inc.
CIL www.isotope.com

RESEARCH PRODUCTS

NMR Solvent Data Chart

More Solvents, More Sizes, More Solutions

'H Chemical Shift BC Chemical Shift 'H Chemical Shift Density at  |Melting point | Boiling point | Dielectric Molecular
{ppm from TMS) (ppm from TMS) JCD(H2) of HOD 20°C (°C) (°C) Constant Weight
l]muln‘;ﬂil:ity] {:nullipliu'tyr} (ppm from TMS)
232 20 11.5 1.12 16.7 6.1

Acetic Acid-d, 11.65 (1) 178.99 (1)

2.04 (5) 20.0 (7) 118 64.08
Acetone-d 206.68 (1) 0.9 )
’ 205(5) 22 29.92 (7) 104 28+ 0.87 94 56.5 20.7 64.12
Acetonitrile-d 118.69 (1) )
3 1.94 (5) 2.5 1.39(7) 21 2.1 * 0.84 45 81.6 37.5 44.07
Benzene-d; 7.16 (1) 128.39 (3) 24.3 0.4 0.95 5.5 80.1 2.3 84.15
Chloroform-d 7.24 (1) 77.23 (3) 32.0 1.5 * 1.50 -63.5 61-62 48 120.38
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NMR Tube

(Vilmad v

Good for VT NMR

5 mm 0O.D. Precision Tubes

. Part No. MHz Rating 0.D. {(mm) I.D. (mm) Length (inch)  Wall Thickness (mm) Concentricity (um) Camber (um)
www.wilmad-labglass.com
535-PP-7 600 4.9635+0.0065 4.2065+0.0065 7 0.38 13 6
528-PP-7 500 4.9635+0.0065 4.2065+0.0065 7 0.38 25 13
528-PP-8 500 4.9635+0.0065 4.2065+0.0065 8 0.38 25 13
527-PP-7 400 4.9635+0.0065 4.2065+0.0065 7 0.38 25 25
527-PP-8 400 4.9635+0.0065 4.2065+0.0065 8 0.38 25 25
507-PP-7 300 4.9635+0.0065 4.2065+0.0065 7 0.38 51 25
505-PS-7 100 4.9635+0.0065 4.2065+0.0065 7 0.38 76 51

May deform or fracture at temperature extremes

5 mm O.D. Economy Tubes

Part No. MHz Rating 0.D. (mm) Wall Thickness (mm) Length (inch) Concentricity (pm) Camber (um)
WG-1235-7 >400 4.93395+0.03175 0.43 7 13 6
WG-1228-7 400 4.93395+0.03175 0.43 7 25 13
WG-1228-8 400 4.93395+0.03175 0.43 8 25 13
WG-1226-7 300 4.93395+0.03175 0.43 7 51 13
WG-1226-8 300 4.93395+0.03175 0.43 8 51 13
WG-5MM-ECONOMY-7 100 4.93395+0.03175 0.43 7 76 76
WG-5MM-ECONOMY-8 100 4.93395+0.03175 0.43 8 76 76

Bulk Pack 5 mm Economy Tubes (100 tubes, no cap)
Part No. MHz Rating 0.D.(mm) Wall Thickness (mm)  Length (inch)
WG-1000-7 100 4.93395+0.03175 0.43 7
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Select the proper spinner

Blue Kel F Ceramic
0-+80 °C -4-+120 °C -150-+150 °C
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How to run VT experiment on 600 in MSCH

If your desired temperature is 20-70 °C, you can use iconnmr to
automatically run VT experiments.

« Contact BIoONMR core staff Minli Xing (mixing@umich.edu) to add VT
experiments (UM_C13CPD 1D VT and UM_PROTON_1D VT) into your
account.

* In the parameter dropdown menu, set the temperature by changing the TE
parameter value, increase/decrease the temperature incrementally by 10-
20 °C. For example, if your target temperature is 55 °C, set up three VT
experiments, running at 25 °C, 40 °C and 55 °C respectively.
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Select VT Experiments 20-70 °C

- 13 ||és- 1 Available

B )
e~ Available  |ficondata |||V TRMB ~|[10 HCDCIS chloroform-d » MUW_PROTON_1 = 5 u Mo Analysis Q ﬂ i = 0ooooo 00:0433 mixing ) Set Start Time
o]
bo1a || Available N DHS_HSQCEDETGPSISP2.3 1H13C HSQCEDETGPSISP2.3
N DHS_HMEC HHMBCGPLPHDQF DHS L&B c¢nstl3i=5 (3-bond) cnstl13=8 (2/3-bond) cnstl13i=10 (2-hond)
p1s |l Awvailable H DHS_TOCSY TOCSY
. H DHS_HOESY HOESY
| Available H DHS_ROESY ROESY
b 17 u Available N DHS_HOAH3_BSC HOARH-3 (BSC) - HMBC + HSQC + COSY optional multiplicity editing via zgoptns
H DHS_HOAH4_BSCH HOAH HMBC-meHSQC- COSY-HOESY
B 18 |] Available N UM_PROTON_1D 1H PROTON
X H UM_c13C¢PD_1D 13¢ CARBOH Decoupled
bs Available H UM_C13DEPT135 13¢ CARBOH DEPT 135
b0 ” Available H UM_HHMBC_FOR_CARBON_1D 1H13C HMBCETGPL3HD for 1D Carbon cnst8=8 (2/3-bond) xfb proj
N UM_19F_1D F19 1D
et | Available H UM_P31_1D P31 1D
L ITH_P PO 1D P ith 14 decounlinog
e ” Available W UM_€¢13CPD_1D_¥T 1D 13¢ wvariable temperature

Avallable UM_PROTOMN_1D_VT

UM_1H13C_HSQC_ 2D  1H13C HSQCETGPSISP2.3
UH_1H13¢_HMBCETGPL3ND 1H13C HHBCETGPL3ND cnst13=5 (3-bond) cnst13=8 (2/3-bond) cnst13=10 (2-hond)
UH LR HMBC long ranoe HMBC

Available

===

UM_C13CPD_1D VT and UM_PROTON_1D_VT: Allows sample to equilibrate at target
temperature for 5 minutes, then perform shimming and acquisition
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Set target temperature ICONNMR 20-70 °C
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Set up multiple VT experiments 20-70 °C

- 13 ”(v 3 Avallable
Hés- Available  ficondata |~ ||YTHMR -[10 | ZDCI3 chloroform-d ~||NUM_PROTON_1|+ 3¢ u Mo Analysis
e Available  ficondata |« ||VYTHMR LAIRR! cDClI3 chloroform-d =||NUM_PROTON_1|+ 3¢ u Mo Analysis
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How to run VT experiment on 600 in MSCH

If your desired temperature is 5-20 °C, you can also use iconnmr
to run VT experiments.

« Set FTS chiller temperature 10 °C colder than your desired
experiment temperature

« Set up VT experiments on ICONNMR
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600 MSCH FTS Chiller

10KVA UPS to power
600 and 400 MHz
instruments

Repurpose the 600MHz
Magnex/Varian/Agilent magnet
\ _ e
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FTS for low temperature
experiments

% RN e

",‘ R SaSas araadaaaanl \\.
SampleCase with 24
sample positions

» ‘ \
Bruker liquid N, cooled
Prodigy cryo-probe

I
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FTS Chiller

Actual VT gas temperature

Desired VT gas temperature
Set 10 °C colder than your
desired experiment temperature

Power
switcher

Increase or decrease VT gas
temperature

13
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Manually set temperature on Topspin

* Type EDTE In topspin command line

EDTE: temperature control suite

Monitoring | Record | Correction | Selftune | Configuration | Log

Temperature
-
on off | WTU State: (¥ On
Channel Regulation State Stability Sample Temperature Target Temperature Heater Power
Stlaglllegs,'ge Corr. 298.0 K
1 o (231 K..444 K) 1.4 %
CPP1.1 BBO 60053 BB-H&F-D-05 Z... () steady 24Jan 2023 (max. 77.1 % of 103.5 W)
o Set
State Gas Flow Target Gas Flow standby Gas Flow
535 Iph 535 Iph
Probe Gas Steady 535 Iph
@ Set Set
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EDTE MSCH 600

EDTE: temperature control suite

| Temperature I\onitoring Record

Correction | Selftune | Configuration | Log

on || of | VTU State: ©®On

Channel Regulation State Stability Sample Temperature Target Temperature Heater Power
Stlaé’,'legs’,';;e Corr. 298.0K
1 o (231 K...444 K) 1.4%
CPP1.1 BBO 60053 BB-H&F-D-05 Z... @ Steady e e (max. 77.1 % of 103.5 W)
o Set
State Gas Flow Target Gas Flow Standby Gas Flow
535 Iph 535 Iph
Probe Gas Stea 535 Iph
@ o Set Set
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Establish high temperature MSCH 600

[ Temperature | Monitoring | Record | Correction | Self tune | Configuration | Log |

on VTU State: © On

Channel Regulation State Stability Sample Temperature Target Temperature Heater Power
Stf:,'f;';? Corr. 298.0 K
1 B (231 K...444 K) 1.49
CPP1.1 BBO 80053 BB-H&F-D-05 Z... @ —— 24 Jan 2023 {max. 77.1 % of 103.5 W)

Set target temperature 00— O %X

(Temperature correction is applied).

Flease enter the new probe target temperature

Target temperature [K]:||298

OK

Cancel
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State Gas Flow Target Gas Flow Standby Gas Flow
535 Iph 535 Iph
Probe Gas @ Steady 535 Iph cet cet
e e
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Establish high temperature MSCH 600

Blue: sample temperature is lower than target temperature

Regulation State Stability Sample Temperature Target Temperature Heater Power
. Corr. 305.0 K
3] Transient [2] Not Available (231 K...444 K) 4.7 %
5 (max. 76.7 % of 104.1 W)
' Set

Red: sample temperature is higher than target temperature

Regulation State Stability Sample Temperature Target Temperature Heater Power
: Corr. 305.0 K
[3] Transient [] Not Avaitable (231 K...444 K) 2.8%
- (max. 76.7 % of 104.1 W)
: Set

Green: sample temperature is the same as target temperature

Regulation State Stability Sample Temperature Target Temperature Heater Power
oF I 305.0 K
e (231 K...444 K) 25%
@Steady 15 Mar 2023 O r r B H (max. 76.7 % of 104.1 W)

Set

?

(Measured value 305.5 K)
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Workflow for VT NMR

Open the temperature control suite (EDTE)

Set the FTS chiller temperature or BCU mode
depending on your target temperature

Set target temperature (10-20 °C for about every 5 minutes)

Wait for the temperature to equilibrate, then acquire spectrum

Reset FTS chiller or BCU, return to room temperature slowly
(10-20 °C for about every 1 minute)
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