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AVANCE Il HD - NMR Thermometer

BRUKER
Where to measure sample temperature?
High Resolution HR-MAS
H,0: ~ 0.01ppm / K Other heating effects
@600MHz = 6Hz / K
RF Loading 0 to ~2K MAS spinning speed

0 - 12 Hz shifts up to 5 - 20K

Innovation with Integrity
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Where to measure sample temperature?

thermocouple

RT probe:
- Sample & RF coil are in VT gas flow
- ~roughly at same temperature
CryoProbe:
- Sample in VT gas flow
- RF coil in vacuum at
~15-25 K (He-cooled CryoProbe) VT gas flow
~90 K (lig. nitrogen cooled Prodigy) /
,ﬂ/
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Motivation

Precise / constant / repetitive temperature is essential:

« Dynamics
 Kinetics
 Diffusion/ DOSY

« Compare chemical shifts / coupling patterns:
e experiments recorded at different spectrometers
« experiments recorded many weeks/month later

 Remove internal sample heating effects (rf load /MAS)
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Motivation

Minimizing the effect of rf-heating in multidimensional
NMR experiments

A.C. Wang, A. Bax, Journal of Biomolecular NMR, 3 (1993) 715-720

“As a consequence, when different experiments are recorded at the
same set temperature, the actual temperatures can be substantially
different. The resulting changes in chemical shift are frequently
nonuniform and can seriously hamper the effectiveness of
automated resonance-assignment procedures”
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The principle
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1. Measure distance 2. Calculate temperature
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s BRUKER
Ability to easy lock on complex 2H solvents

Lock on multi-peak solvents .. .. also under full automation

L
I
JE s.sE

1H spectra of pyridine-d5 99.5% deuterated, locked on different 2H signals, 5Smm TCI850

Innovation with Integrity
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Measure the temperature with the spins

| Edit lock parameters for solvent "Naac50"

Lock parameters

Probe name: 5 mm PABBO BB-1H/D Z-GRD Z114607/0007

4_

M OD v Probe description: ]

e re Lock power: 1—257
Loop gain: ]—S—
Loop time: F
Loop filter: W

e Lock Phase: [30

Lock power instep: |10

Temperature lock power: [-25
- . - - ’ L. Signals

Signal Shift [ppm] Relative intensity Type Description Delete

A e rrE— =
2 ‘1.8 | [1 | |Tempera(ure {VI [ | O

4

- ‘ Add Signal H Delete Signal |

Temperature shift values
Value Shift [ppm] Temperature [K] Delete =
1 |2.4811 346.16 ’ ﬂ
2 2.5203 341.37
3 2.5588 336.62
4 2.6122 331.8
Add Value || Delete Value |

Sensor: 290.7

Sample with thermo-sensitive 2H compound

Innovation with Integrity
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Topspin User Interface (O

Temperature Control Suite

’_fTemperature rMonitoring rRecord rCorrection rSeIftune rConﬁguration Log | Help |

Con VTU State: &2 On

Channel Regulation State Stability Current Temperature Target Temperature Heater Power

m

Sensor,290.7 K

Gas Flow TargeL iRy Flow Standby Gas Flow

Set

Lensor: 290.7 K

Benefits NMR Thermometer:

- Measure
« Maintain temperature within the sample
 Monitor

Innovation with Integrity
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Monitoring temperature BRUKER

Temperature | Monitoring | Record | Correction | Selftune | Configuration | Leg | Help

A Configure

Temperature display properties Power display properties Gas flow display properties General display properties
Show overview Auto scale [¥ Show overview Auto scale v Show overview Auto scale [¥ Update interval [s] |1
Channel Sensor Temperature  MNMR Thermometer Target Temperature  Current Power Maximum Power Current Cas Flow  Target Cas Flow

1
5 mm CPTCI 1H-13C/15K/D Z-CRD ... = = r v E 4 =
s2+0/2/8|% = T ¢ & [0E ™

Temperature (Channei 5 mm CPTC 13C/I5N/D Z-GRD Z75812/0055)

Temperature

2*0/2/8/% £ F 3 & pjE ™
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VTU: On @ [Sample Temperature: [RUIIERERORA | Probe Regulation: Steady & | Tune: OK @ |Recording: OFf [Probe: 5 mm CPTCI 1H-13C/ 15N/D Z-GRD 2758120055
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Same temperature on instruments

600 MHz RT TXI / 800 MHz TCI CryoProbe Identical chemical shifts

l! Sensor: 290.7 K

118 F1 [ppm]

T
05 F1 [ppm]

o5 2 [ppm] 8.9 8.8 8.7 8.6 8.5 8.4 F2 [ppm]

HSQC spectra of 0.5mM ubiquitin in D,O and ~50mM NaAc-d3

Innovation with Integrity
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TR BRUKER
Maintaining the sample temperature
Standard NMR Thermometer

Spectra of 10 mM raffinose in D,O with ~50 mM NaAc-d3

Innovation with Integrity
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RF load effects

NOESY-HSQC SN CPMG-HSQC (T,-determination)
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Standard NMR Thermometer

Spectra of 0.5 mM ubiquitin in D,O with ~50 mM NaAc-d;, Avance-III HD 800 MHz

Innovation with Integrity
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Example on Tissue NMR

Unique: Constant temperature with HR-MAS applications!

!'I Sensor: 289.2

MAS spinning 1, 2, 4, 6 and 8kHz

400 MHz 1H liver spectrum, ~500mM NaAc-d3 in D,0 added

Innovation with Integrity



Possible setups
BRUKER

Combined tube

NMR-T. compound NMR-T.
In separate tube Cpmpound
(inside or outside) dissolved
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Thermometer compounds

Large number of deuterons: the larger the number of chemically
equivalent deuterons, the lower is the required concentration.

Possibly one additional ?H signal.
Moderate or no salt effect

The compound should not interact with the sample or change essential
structural properties of the sample.

Acceptance. Difference compounds are commonly added to protein
solutions.

Price and availability.
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Dynamic range

Concentration ratio of compound used for field and frequency lock

T 1 I-ratio < 500:1

~3ppmMm
v > . I I

4 | I-ratio < 250:1

~1.6ppm
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_ BRUKER
Here are the spins for Water
Compounds (typical concentrations 10 - 50 mM)
CD50D 3.30 ppm CD5;CN 1.93 ppm CD5SOCDs5
Q 2.56 ppm
!J! ,l !J
CD;COO"Na* (CD5),N*CI- (CD5)5;CCO,"Nat
1.09 ppm
o

Innovation with Integrity
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Here are the spins for Organic Solvents

Possible solutions for organic solvents

Solvent methanol-d4:
«  Directly suitable for NMR Thermometer
Other solvents:
*  Any solvent: external thermometer compound like D,O in capillary.

« Add D,O0 to solvents which can be mixed with water, like DMSO
and acetone.

Innovation with Integrity
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Thermometer compounds

T MeOD methanol-d4
T H20+D20O+NaAc: sodiumacetate-d3 in 90% H20, 10% D20
T_H20+D20+Me4NCI: tetramethylammoniumchlorid-d12 in 90%, H20, 10% D20

T H20+D20+Pivalate: pivalic acid-d9 sodium salt in 90%, H20, 10% D20
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New NMR Thermometer™:

« Accurate sample temperature

- Perfect chemical shifts match

* Measure the temperature with your spins!




Acknowledgement an

R&D:
Pietro Lendi, Rolf Hansel
Application:

Frank Schumann, Clemens Anklin, Wolfgang Bermel,
Daniel Matthieu

Gerhard Wagner
Sebastian Hiller




Innovation with Integrity

Copyright © 2012 Bruker Corporation. All rights reserved. www.bruker.com



