updated: 12 Oct 2022 (cgf)

Variable Temperature (VT) NMR using TopSpin and (sometimes) iconNMR

l. Introduction

Changing temperatures on an NMR spectrometer involves working correctly through a variety of
compromises and safety-related issues. The primary compromise in high-resolution NMR is accepting
large systematic, but reproducible errors (if procedures are correctly followed) in the measured
temperature in order to preserve high-quality shims. In particular, the thermocouple cannot be placed
close to the sample without seriously impacting resolution. It is therefore common with NMR probes
that temperatures can be up to 20°C off; the error increases as the temp diverges away from ambient.
These errors can be corrected, however, as described below. Another reality in working on standard
liquids NMR probes is that temperature gradients will be present across the sample: working at —100°C,
a typical gradient would be 0.5°C/cm. Keeping the sample length short — e.g., using 450 pl, or
Shigemi tubes — will reduce the total temperature gradient and assist in minimizing convection
currents. [Don’t use <450 pul, as that won’t shim properly. Don’t use > 600 pl as that greatly increases
temperature gradients by extending the solvent column beyond the temp-control region of the probe.]

Safety is a critical issue in working with VT. The most important factors are the following:

1. Sealed samples to be run at elevated temperature must be checked at temperature prior to introduction
to the spectrometer. An exploding sample can destroy the NMR coil: this has happened once in our
labs, and cost $8000 to repair in 2008 (would cost > $20K now). A similar explosion in a cryoprobe
could cost considerably more than that.

2. The shim stack temperature, Tss, should always be within the range —30°C < Ty < 70°C. Turn the
shim stack gas flow on — flow meter hanging on the back side of the magnet on Persephone (this is
done automatically on eos, nyx and phoebe) — when working away from ambient temps.

3. Change temperatures slowly when using cryoprobes, i.c., the Prodigy probe on nyx, and for any VT
work on callisto.

Varible temperature work can be done in concert with IconNMR in the UW Chemistry facility, but only
under the following conditions:

a) The researcher must have been through Chem 636 or similar training. There are few recourses for
graduate students; plan on taking Chem 636 if NMR VT is to be a part of your research project. We
will work with postdocs and visiting faculty to get you sufficiently trained.

b) Temperatures between -30 to +70°C are changed only via manual topspin use. Initial temp
calibrations should be done in topspin at that time. MeOH or glycerol spectra can be obtained in Icon,
but the setting of temperatures accurately for the needed experiments must be done in topspin prior to
starting Icon.

¢) Icon runs of multiple samples can then be done at a single set temperature.

See section V below for more details about setting up shimming for these experiments in Icon.
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Temperature ranges accessible within the Chemistry NMR Facility:

Spectrometer Probe VT range (°C) comments

eos (400) bbfo+ (SmartProbe) -130 to +130

persephone (500) bbfo+ -130 to +130

persephone (500) solid-state probes see Cathy for details

nyx (500) bbfo+ -130 to +130

nyx (500) prodigy LN> cryoprobe -30 to +70

phoebe (600) HCN-F LHe cryoprobe -30to +70

artemis (400) bbfo+ not for VT use

callisto (500) DCH LHe cryoprobe not for VT use

setup in Topspin, samples run in [conNMR:

all spectrometers all probes -30 to +70 other temps done only
in Topspin

Running VT experiments on persephone, nyx, eos:

I1* time:
settings. Type edte in topspin, and click on the Configuration tab:

Temperature Control Suite

When doing VT for the first time running, you may want to change some configuration

Selftun Configuration _Dlog

emperature unit:
< 2 Kealvin [K]
® Calsius [°C]

) Fahrenheit [F]
Power unit:

Profile configuration

WTU related settings (e.g. temperature unit,
names, limits etc.) can be stored in a profile.
You can load a profile to apply the stored
VTU settings to different hardware

Channel mapping

channel is used.

configurations or users,

Set mapping between te-parameters (e.g. te2)
or te—commands (e.g. te2set, te2get) and
hardware channels. This determines which

Hardware channel Logical channel

Gas mode

Use "External” for MAS probes
with tempered bearing gas.
(Mote: ¥VTU gas supplyis
switched off)

GCas flow control:

a) You can toggle the temperature between Kelvin and Celsius.

Create new profile Create 1 1 - ® Standard

© Watt [W] = Set
(0] Load profile Load 2 2 hd O External
Location: elete profile Delete
® External TopSpin window
O Internal TopSpin window
Channé on

Channel Regulation Mode Temperature Limits (min...max) Heater Safety Temperature Maximum Power

: : | set | | set | L¥or

5 mm PABBO BE-1H/D Z-GRD 21136, | " StEndardy  Set 150.1°C..149.9°C S00.3°C (max. 15.1% of 152.6 W)

b) Typically, switching the screen so it can be “External” to TopSpin is best. That way the Temp

screen can be kept open continuously in the right-hand monitor.
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2

h)

. Summary of VT setup: Perform the following steps (with more details provided below):

select the Correction protocol appropriate for probe and desired temperature (these won’t exist on
most spectrometers except at ambient temperatures; uncheck Corrections if a protocol doesn’t exist)

set the Target Gas Flow and BCU Target Power as specified in the Correction protocol; if the
protocol doesn’t exist, use the following:

temp T (°C) Target Gas BCU Target | comment
Flow Power
T <-100 1000 strong LN> dewar required
-100 <T <-55 700 medium LN> dewar required
-55<T<-30 700 strong use BCU only (LN2 required on persephone)
30<T<0 600 medium use BCU only (LN2 required on persephone)
0<T+40 500 low use BCU only
+40 <T <130 500 off use probe heater only

turn off the VTU before modifying gas connections

turn on the gas to the VT shim stack on persephone, using the manual flow valve on the back of the
magnet (nyx, eos and phoebe do this automatically)

temp changes will be limited to < 3°C / min; this is critical for cryoprobes to insure vacuum
insulation is not broken by differential expansions; but is also enforce for all probes, as the magnets
(shims) and probes (electronic tuning) cannot stabilize faster than that rate

wait at temp for > 5 min for magnet+probe to come to equilibrium
perform a Self Tune if temps are oscillating or taking too long to reach final temps

perform temp calibrations using MeOH or ethylene glycol samples (within allowable VT ranges) if
accuracy is important; calctemp (or calctc) is a useful TopSpin au for calibrations

Temperatures can be > 20°C off; make certain your samples will neither boil
(explode!) or freeze in the spectrometer.
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lll. Detailed procedure:

1.

To review the current temperature control in TopSpin use the edte screen (type in TopSpin, or
double-click the temp box in the status area at the bottom of the TopSpin screen).

Temperature Control Suite

(. ) o | VTU State: & On

Channel Regulation State Stability Current Temperature Target Temperature Heater Power

=

State Gas Flow Target Gas Flow Standby Cas Flow

Accessory Channel Current Power

Note the four circled areas. The Target Gas Flow and BCU Target Power must be set correctly.

Select the proper conditions to run at the temperature needed:
— choose the appropriate Correction protocol (see below)

The setting highlighted below for the Prodigy probe will enable sample temperatures to be set
between 15 to 35°C, but only if the target gas flow is set to 400 Iph, and the BCU is set to Low.

a) Recommended: Check the “Enable temperature correction with these values”. The displayed
temperature will show Corr. before it in the TopSpin status bar as shown below on the right.
The displayed temperature should be accurate with a few degrees; more accuracy requires
calibration as discussed below.

b) VT can be run without Enabling the correction (unchecked, with the status showing as on the
left). Still use the Correction settings for setting the Target Gas Flow and BCU Power (or see
the table in the Summary above).

It is critical to understand, however, that without corrections, the sample temperature and
thermocouple temperature may differ by > 20°C. Samples may freeze or boil if care is not
observed; expensive damage to the probe may then occur, and groups will be held responsible
for paying for resulting repairs.
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Temperature Control Suite

fTemperature rMonitoring rRecord w Self tune rConfigurat\on rLog rHeIp |

Temperature correction

Use temperature correction if you want to display the real sample termperature instead of the probe temperature sensor value,
Please check the manual how to perform temperature measurements with NMR (to determine the real sample temperature).

Mote: Temperature correction is not applied to temperature limits (safety checks).

< Enable téb]perature correction with these values

MName: Prodigy +15 to +35C low 400Iph . .

Probe: 5 mm CPPBBO BB-1H/19F/D Z-CRD 7130036/0001 Required settings for:
Temperature range [K]  288.15 - 308.15 BCU Target Power: |0W
Slope: 1.078167

Target Gas Flow: 400 Iph

Offset: -21.122237
Comment: CCF 20121210

Available correction settings

Temperature Range Comment

298K _BBFO 5 mm PABBO BE-1H/D Z-GRD Z113652/01... 298 - 303 0.83.. 31.255... BCUon low, t..
BEFO +18 to +38C low 200Iph 5 mm PABBO BB-1H/D Z-GRD Z113652/01... 232.15 - 310.15 0.07... 287.21... BCUon low, t...
BEFO +30 to +62 off 200Iph 5 mm PABBO BE-1H/D Z-GRD Z113852/01... 303.15 - 328,15 0.90... 28.376... cgf 20130302
BBFO +72 to +34C off 200Iph 5 mm PABBO BB-1H/D Z-GRD Z113652/01... 338.15 - 353.15 EF %k 58.853... c¢gf 20130302
BEFO -23 to +26C med €00Iph 5 mm PABBO BE-1H/D Z-CRD Z113652/01... 259,15 - 298,15 0.73.. 59.697... BCUon med, t..
BEFO -45 to -15C strong 800Ip 5 mm PABBO BB-1H/D Z-GRD Z113652/01... 238.15 - 263.15 b.83.. 46.971... BCU on stron...

BBFO -850 1o -35C strong 5 mm PABBO BB-1H/D Z-CRD 7113652/01... 223,15 - 24315 BCU on stron...

Prodigy +20 to +50C off 4001p 5 mm CPPBEO BE-1H/19F/D Z-CRD Z1300... 293.15-323.1% CGF 20121210
Pradigy =15 to +5C strong 400Iph 5 mm CPPEBO BB-1H/13F/D Z-GRD 71300... 258.15 - 278.15 0.99... 4.7472... CWA CGCF 201...
Prodigy -35 to -10C strong 700Iph 5 mm CPPBEO BE-1H/19F/D Z-CRD Z1300... 238.15 - 263.15 1.01.. 0.8267... (CGF CWA 201...
Prodigy Oto +24 medium 400lph 5 mm CPPBBO BB-1H/13F/D Z-GRD Z1300... 273.05 - 297.15 0.98... 4.6739... CWA 121202
\
Enable Proby Temperature Enable e Temperature
not checked
heck recommende
checked (: d) On s Feg. State: &

On & Feg. State:

c) The Temperature tab shows the corrections in detail (when corrections are enabled), as shown
below. The “Measured” temperature is that at the thermocouple; the corrected temperature is
that computed by the Correction protocol, which should be close to your sample temperature.
Once again, the Measured and Corrected temperatures may differ by > 20°!

7] Temperature Control Suite ll=Es
Temperature 3 Monitoring rRecord rCorrection rSeIftune rConfiguration rLog rHeIp |
Son VTU State: @ On
Channel Regulation State Stability Sample Temperature Target Temperature Heater Power
S Corr. 24.0°C
2 '@S d 0z AI r;?l]l3 (-40.1°C...78.9 °C) 7.9%
5 mrm CPPBBO BB-1H/ 1SF/D Z-GRD ... reacdy & (max. 53.2 % of 43.2 W)
)
State Gas Flow Target Gas Flow Standby Gas Flow
] 400 Iph 600 Iph
Probe Gas () Steady 400 Iph Ser Ser
Accessory Channel State Current Power Target Power
. Low
1 (Chiller) '
BCU @ Connected Low cer

3. The temperature and various other experimental conditions can be monitored using the MONITOR
tab. In the figure below, the three most important — “Current Temperature”, “Target Temperature”
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and “Current Power” — are checked and displayed. The Update interval can be slowed down to
monitor a longer period of time. Use the RECORD tab to save the temperature status in long runs.

IT Temperature Control Suite SIS

Temperature ( Monitoring JRecord | Corraction | Selftune | Configuration [ Log | Help

~) Configure

Temperature display properties Power display properties Gas flow display properties General display properties
Show averview Auto scale [v) Show overview Auto scale [v) Show overview Auto scale [v) Update interval [s]: |1
Channel Current Temperature Target Temperature Current Power Maximum Power Current Gas Flow Target Gas Flow
2
v v v
5 mm PABBO BB-1H/D Z-CRD Z1136... = =
%2 %8 /2 /8|ed) 2 \J,||0|u:-|‘ﬂ

Temperature

VTU: On @ |Probe Temperature: NG| Probe Regulation: Transient . |Tune: Misfit€3 [Recording: OFF |Probe: 5 mm PABBO BB-1H/D Z-GRD Z113652/0136

4. If the temperature oscillates, or takes too long to reach the requested value, perform a Self-Tune:
a) wait for the temp to get close to requested
b) click on Start
The procedure is automatic and will take ~5 mins.

The Get button is a very bad misnomer: information is “gotten” from the VT controller, but then is
(when Get is pushed) STORED to disk. To retrieve a saved Self-Tune, use the Restore to channel
2 button.

T Temperature Control Suite

Temperature | Monitoring [ Record | Correctio ‘ Self tune YConfiguration | Log [ Help
S —
Self tune

Execute self tune to improve the regulation capabilities of the VT,
You can self tune each channel independently (select self tune for the appropriate channel) or self tune all available channels simultaneously (select self tune all channels).
To save the self tune parameters for a defined temperature, gas flow, probe and sensor press the "Get” button of the desired channel and enter a name for the settings.

Channel Sensor Start self tune Stop self tune Cet self tune parameters Wiew self tune parameters

All Start Stop

2
S mm PABBO BB-1H/D Z-GRD Z1136... adaprer connection 2 Slep Get View

Restore to channel 2 Delete

Available self tune settings

[ sbame [ Probe [Temperawre ["Cll Flow [iph Chiller
BBFO_-50C _strong_1200lph-200Iph Smm.. -50.0 1200.000 adapter connection 2 BCU cwa 20130301
BBFO_7C_strong_400Iph Smm.. 7.0 400.000 adapter connection 2 BCU cgf 20130301
Prodigy_26C_600lph_bcu2_moderate 5mm.. 26.0 600.000 adapter connection 1 BCU
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IV. Temperature calibrations:

These can be easily performed using:
a) 4% MeOH in CD30D for 180 to 300K. Lock and shim as normal.

b) Neat ethylene glycol for 300 to 380K. Here run unlocked and do not shim (the sample’s too
short to shim). See the on-line notes for running no-D samples at:

http://www.chem.wisc.edu/~cic/nmr/Guides/Ba3vug/AV3 noD-NMR.pdf

c) Use the command: calctemp. (answer in K) or calted (answer in °C)

If that command does not work (some problem with peak identification; annoying), copy the
Excel spreadsheet at /home/nmrsu/Desktop/NMR-TempCal.xls to your Desktop (e.g.,
/home/fry/Desktop). Enter the chemical shift difference between the two peaks in ppm in the
proper cell, and the temperature will be computed.

. Using IconNMR to acquire data at a single temperature:
a) If at any point in this procedure you’re uncertain what to do, find nmr staft for help.
b) Follow the instructions above to set the spectrometer to the desired temperature in Topspin.

c) Setup the automation routine that will perform shimming of the sample, starting with the facility
template: Iwaitshim

1. At the topspin command line, enter: edau.d The following dialog will open:
AU Programs e &

i File gptions ﬂelp Source = |fh0meftﬂpspinjuwchemfaufsrc |v|
|Find file names |v|er‘ter any string, *, 7 | Exclude:
{Class = I: Dim = I: O

abs.13c au_getlcosy UW au_getlinv.UwW au_sell80zg_series au_sell80zg.UW L=
au_selhmbc.UW au_zg.Uw au_zgcosy au_zgcosy.UWw au_zgcosy-3915.UW =
au_zgcosy-3919es. UwW au_zgcosy-pr.uw au_zgonly Uw az-phase calctc |
cklopo dosy.old fixF1 Iwaitshim Ictshim

Ictshim 20220912 Ictshim.20221004 lock.1 lock.10 lock.11 =

[v] Warn on Execute | Edit || Compile || Execute || Close |

ii. Select Iwaitshim and click Edit at the bottom right. The dialog below will open.

iii. File - Save As and choose a filename, e.g., Iwaitshim.cgf . Put this into
/home/topspin/uwchem/au/src  (see upper right above).

iv. The ssleep (300); command will wait 5 minutes before continuing to the next line
v. Choose the topshim line needed by adding and removing the commenting syntax:
/*oL#
and change line 11 as needed (the olp value) if performing noD shimming.

Include convecomp if using a cryoprobe (phoebe and nyx-with-prodigy probe).
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VT NMR using TopSpin 3.x
Iwaitshim (/home/topspin/uwchem/au/src)

File Edit Search

Compile H Execute Warn on Execute

J* Twaitshim -- waits & predetermined time prior to shimming
use in Tconnmr with xauva Twaitshim in the topshim line
copy to vour own macra with vour own name to user Tolder
and edit below Tor what you want (see normal setting For Instrument in SHIM PROGRAM

then in TconMiR must put In  XAU wvourname in SHIM PROGRAM box  */

ssleep (300);

XCMD ("topshim")

1o | s+ XOMD ("topshim tuneaz"]  */

11 | /= XoMD (“"topshim convcomp 1h lockoff olp=3.2 selwid=@.5") =*/
12 | quIT

Lol o It B SR IR R N O O

Save as... @ &

Destination Dir. = ‘foptftopspinB.6.3,Fe)(pfstar1fr1mrfaufsrc,fuser ‘v‘
New Name = [lwaitshim.cgf |

| oK H Cancel |

c) Open Icon as normal (command line enter icond ), and setup the samples.

In the Shim Program line, enter: XAU Iwaitshim.cgf (but using your filename).

File Run Holder View Find Parameters Options Tools Help ‘

@ B3O B 05
Experiment Table
Hold.. | Type | Status | Disk | Name |No. | Solvent | Experiment | Par | Time | st
<1 |J& 1 Available
uﬁ' Available fhome/fry/av600 E| samplel-at-45C H 10 E D20 E| N Hl_standard.uv\H n - | &

b2 u Available Lock/shim Settings
p3 |l Available Lock Program  |LOCK ;#Default [+
pa |l Available shim Program  [XAU Iwaitshim.cgf [+
b5 u Available ATM Controls
re |l Available *H Channel =

& . * Yes No after a solvent change
b7 u Available Tuning/Matching @ u g
b | Available X Channel =

: . = yes No after a solvent change
) u Available Tuning/Matching @ u 9
b 10 u Available

OK

b 11 u Available

Do the same for all the other samples. Each sample, as it is put in the magnet, will have a delay
as set in the automation routine (300 sec in the example above) before shimming will be done.
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VI. Exiting VT operation properly:

a)

b)

d)

It is not uncommon that the Target Gas Flow has to be turned up to eject a sample; not sure why,
but they often get “stuck” during VT runs. Turning the flow up to 1200 Iph usually does the
trick. Immediately reduce the Target Gas Flow back to normal setting (400 Iph for BBFO+; 500
Iph for Prodigy and TCI on phoebe).

Return to ambient 24°C. Adjust the Target Gas Flow and BCU power as appropriate: change
them slowly toward the final values to prevent sudden changes of temperatures. For example, if
you’ve been running with 1000 Iph gas flow through the LN> dewar for —120°C operation, raise
the temp to —80°C and the gas flow to 800 Iph; wait a few minutes, then —50°C and 600 Iph, etc.

Removing the LN> dewar:

1) turn the Target Gas Flow slowly toward 400-500 Iph (see discussion above), leave the BCU
set to off, and raise the temp in increments to +10°C. Wait a few minutes once there.

i1) Turn the VTU Off before disconnecting the gas connections to remove the LN; dewar.
Once the dewar is removed, and the gas connection is reconnected probe-to-BCU, turn the
VTU back on.

ii1) Set Target Gas Flow to 400 Iph and BCU to low, go to 24°C and wait 10 min.

iv) Enable Corrections with the ambient temp correction protocol. Restore the corresponding
Self Tune. Everything should be stable at 24°C.

Turn the Shim Stack gas almost off on persephone (prefer to let it flow a small amount of gas at
all times). nyx, eos and phoebe will self-regulate the shim stack gas.
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