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Foreword 

It is my pleasure to present to you, on behalf of the Facility 
Steering Committee, the 2007-2008 Annual Report of the National 
Ultrahigh-Field NMR Facility for Solids.  This national scientific user 
facility is seen as the most cost-effective way of providing the 
Canadian NMR community with access to a cutting-edge 900 MHz 
Bruker Nuclear Magnetic Resonance spectrometer to acquire 
ultrahigh-field static and fast spinning NMR spectra of solid 
materials. The uniqueness of the Facility is that it is dedicated to 
solid-state NMR research, where the highest magnetic fields are 
beneficial for quadrupolar and low-gamma nuclei. This type of 
instrument is still unique in Canada and world-wide. Ongoing 
operations of the facility are funded by the Canada Foundation for 

Innovation (CFI), the Natural Sciences and Engineering Research Council of Canada (NSERC), the 
National Research Council Canada (NRC), and the University of Ottawa. 

 To date, the Facility has been used by over 60 researchers from more than 20 institutions 
across the country.  Eighteen Canadian universities and four NRC Institutes in eight provinces of 
Canada (British Columbia, Alberta, Saskatchewan, Manitoba, Ontario, Quebec, Nova Scotia and New 
Brunswick) have benefited from the Facility.  For many of these users, the availability of the Facility 
has had a transformative effect on their research programs. Many of the research programs 
supported involve international collaborators, i.e., from the U.S.A. and several European countries.  
Importantly, the Facility is providing hands-on training to students and postdoctoral fellows.  The 
facility has supported 37 research projects from the academic and government science research 
communities, resulting in more than 40 peer-reviewed research papers in world-leading research 
journals, including four cover articles and two major reviews.  Importantly, nearly half of these 
articles have appeared in 2008, clearly demonstrating that the pace of research productivity is 
steadily increasing as the Facility becomes more visible to potential users. 

 I’d also like to take this opportunity to highlight two particularly interesting and useful 
developments related to Facility access which have come online recently.  The first is the successful 
implementation of the SpectroGrid remote access software for running the 900 MHz spectrometer 
from anywhere in the country in real time.  A live demonstration of this exciting capability was 
presented at our 3rd Annual Solid-state NMR Workshop immediately preceding the 91st Canadian 
Chemistry Conference in Edmonton in May 2008.  SpectroGrid makes it easy for users from across 
Canada to run experiments on the 900 MHz spectrometer remotely from their own lab.  Second, the 
Facility has established a travel support program that offers financial help for students who come to 
the Facility from across Canada to perform experiments in a hands-on fashion. Seven such grants 
have been awarded to date.  This program aims to further enhance the accessibility of the 
instrument to all potential users. 

 I hope that you will enjoy browsing through this Annual Report, and that you will take 
advantage of the unique instrumentation the National Ultrahigh-Field NMR Facility for Solids offers for 
your own research in the near future. 

Sincerely, 

David Bryce, Chair 

On behalf of the Facility Steering Committee 
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The 900 Timeline 

Winter, 1997  the letter of intent is circulated among Canadian 

solid-state NMR researchers 

May, 2001   request for funding is submitted to CFI: 

    total cost 11.7 M$, ten principal applicants 

    more than 30 secondary applicants 

    the application is supported by NRC Canada (0.9 M$) 

November, 2003  CFI approves the award (4.4 M$) 

February, 2004  Ontario Innovation Trust (2.7 M$) and 

    Bruker BioSpin (2.8 M$) join the consortium 

April, 2004  Recherche Québec becomes a partner (0.9 M$)  

May, 2004   the 900 instrument is ordered from Bruker BioSpin 

June 1, 2005  the 900 instrument is delivered, installation begins 

August, 2005  the installation phase is complete, testing begins 

September, 2005  the Facility is open for users 

January, 2006  the first paper featuring results from the 900 instrument 

is published in the Journal of the American Chemical Society 

June 1, 2006  Official opening of the Facility 

    1st Solid-State NMR Workshop, Ottawa, ON 

May 26, 2007  2nd Solid-State NMR Workshop, Winnipeg, MB 

May 24, 2008  3rd Solid-State NMR Workshop, Edmonton, AB 

3rd Solid-State NMR Workshop: (L-R) Rod Wasylishen, Kris Ooms, David Bryce, Rob Schurko, 
Scott Kroeker, Glenn Penner, Gang Wu, Guy Bernard, Kris Harris, Jerrod Dwan 
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Management of the Facility 

The management structure of the Facility consists of an International Advisory Board, a Steering 

Committee, and a Manager. 

The International Advisory Board consists of three members, recognized experts of the 

international NMR community. The members are appointed jointly by the President of NRC and the 

Vice-President, Research, of the University of Ottawa. The term of membership is 3 years. The 

Advisory Board meets once a year. It reviews the Annual Report of the operations of the Facility, and 

provides comments, suggestions and recommendations on the efficiency of the operations, on the 

basis of the evaluation of the report. The mandate consists also of informing the Steering Committee 

of new opportunities for synergy among the users, and with external partners in different sectors. 

The Board appoints users to serve as members of the Steering Committee. 

The Steering Committee is responsible for the operational planning. As a general responsibility, 

the Steering Committee maintains the state-of-the-art nature of the Facility, and takes actions to 

implement the necessary improvements. Its mandate consists also of establishing the criteria for 

access to the facility and for priority of scheduling, in managing the budget for minor upgrades, and 

in improving the general operations of the Facility. The Steering Committee reviews regularly the 

structure of user fees, oversees the budget of the Facility, and submits the Annual Report of the 

Facility to the Advisory Board. 

The Manager is responsible for the day-to-day operations. The manager is the liaison between the 

users, the technical staff and the Steering Committee. The manager is also the liaison with the NRC 

staff providing technical assistance. The manager prepares an Annual Report of the Facility for review 

by the Steering Committee before review by the Board. 

International Advisory Board 
 

J.-P. Amoureux (France) 
P. Ellis (U.S.A.) 
M. Smith (U.K.) 

 
Steering Committee 

 
M. Auger (Université Laval) 

D. Bryce (University of Ottawa) (chair) 
Y. Huang (University of Western Ontario) 

J. Ripmeester (NRC-SIMS) 
R. Wasylishen (University of Alberta) 

 
Operations 

 
V. Terskikh (manager, NRC-SIMS and University of Ottawa) 

E. Ye (NMR technician, University of Ottawa) 
J. Derouin (NMR probe technician, University of Ottawa) 
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User Policies, November 1, 2008 

These user policies are subject to revision and updates. Consult the web-site www.nmr900.ca for the most recent version. 
Please forward your comments and suggestions to the Facility Manager or to the Members of the Steering Committee. 

1. Mandate of the Facility 

The National Ultrahigh-Field NMR Facility for Solids is a national scientific user facility funded by the Canada Foundation for 
Innovation (CFI), the Natural Sciences and Engineering Research Council of Canada (NSERC), and the National Research 
Council of Canada (NRC), the Ontario Innovation Trust, Recherche Québec and Bruker BioSpin and managed by the 
University of Ottawa. The initial application to CFI was supported by more than forty Canadian scientists. The Facility has 
been created to provide Canadian researchers access to a state-of-the-art 900 MHz NMR spectrometer for solids. The 
Facility is intended exclusively to support research projects of the NMR research community and their academic and 
industrial collaborators. 

2. Management of the Facility (see previous page) 

3. Application guidelines 

All Canadian academic, government and industrial researchers are eligible to apply for time on the 900 MHz NMR 
spectrometer. Non-Canadian researchers are also welcome, although the priority will be given to Canadian-funded 
projects. We emphasize that the Facility is for solids only. There are several other national NMR centers and facilities 
available for high-field liquid-state NMR projects. 

To apply for time on the 900 MHz NMR spectrometer, interested researchers are required to submit a brief research 
proposal. A research proposal for the 900 should be a specific concise project and not a research program of the 
applicant's research team, i.e. the title and description of the project should reflect a particular research problem to be 
solved on the 900 instrument. 

All proposals will be reviewed and prioritized by the members of the Steering Committee on the merit of scientific goals 
and scientific quality, necessity for the ultrahigh magnetic field and qualifications/experience of the applicant. Please 
submit your complete application electronically as a single PDF file to the Facility Manager. At the moment there are no 
deadlines for applications. 

Approved research projects are valid for a one-year term from the moment of application. During this period users are 
eligible to request instrument time on the 900 as often as deemed necessary for successful completion of a project. It is 
possible to renew the project for an additional year. All renewals, however, are subject to approval by the Steering 
Committee. 

The instrument time is assigned by the Facility Manager. Every effort will be made to accommodate the access needs of all 
users in a timely manner. However, when requests exceed the instrument time available the highest priority will be given 
to Canadian researchers. 

A regularly updated instrument schedule is posted on the official website of the Facility. All applicants should check this 
schedule for time availability or to contact the Facility Manager before submission for the latest information. 

All those intending to work on the spectrometer should have at least two to three years of first-hand experience on 
modern NMR spectrometers. The Manager of the Facility reserves the right to deny unsupervised access to the 
spectrometer to inexperienced users. Hands-on training is available for students and users with little experience. Upon 
request and subject to further approval by the Steering Committee, the highly-trained Facility staff is available to perform 
experiments on behalf of the clients at an additional charge. 

4. Facility use agreement 

Prior to accessing the Facility all users must sign the Facility Use Agreement. 

5. User fees 

Ongoing operations of the Facility are funded in part by CFI and NSERC. Some of the costs associated with operating the 
facility will be covered through user fees. It should be understood that the implemented user fees cover only a fraction of 
the total costs of operation. The Steering Committee has adopted a simplified flat-rate user fees structure: 

  Canadian academic users   $CA 100 per day 
  Government, non-Canadian academic  $CA 300 per day 
  Industry     $CA 2000 per day 
  Technical assistance/operator  $CA 50 per hour 

The minimum charge is per one full day (24 hrs). Hourly rate is available for industrial clients ($CA 100 per hour). Priority/
off-schedule access for service-for-fee clients is charged at double the normal rate (subject to the instrument time 
availability). The user fees cover use of the Facility, including magnet, console, probes and MAS rotors. 

We require at least two weeks' notice of cancellation of your reservation. Eligibility for cancellation or re-scheduling with 
less than two weeks' notice is at the sole discretion of the Manager of the Facility. 
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We reserve the right to cancel any reservation in full or in part in case of force majeure or other circumstances beyond our 
control, for example the instrument shutdown for emergency maintenance/repair. 

6. Travel support for students and young scientists 

Students and young scientists from Canadian Universities may apply for a travel stipend towards full or partial 
reimbursement of their travel expenses. All requests should be submitted by a supervisor in advance of the trip and include 
a cost estimate. Requests should be forwarded to the Facility manager for review and approval by the Steering Committee. 

7. Progress reports 

Progress of each research project is regularly reviewed by the Steering Committee to ensure that the 900 instrument time 
is allocated appropriately. Adequate reporting is also important in securing continuing financial support of facility operations 
by funding agencies. Cooperation of our users in this matter is therefore appreciated. 

Brief progress reports should be submitted to the Facility manager either upon request by the Steering Committee, or at 
the end of the one-year term of the project. Such reports are mandatory for any project renewals. Each report should 
illustrate for non-NMR specialists major project findings and should normally not exceed one page (text and figures). 
Selected progress reports will be included in the Annual Report prepared by the Facility. 

Users should also regularly forward to the Facility Manager any publications featuring project results as soon as such 
publications become available. 

8. Acknowledgements 

Use of the Facility should be acknowledged as following: 

"Access to the 900 MHz NMR spectrometer was provided by the National Ultrahigh-Field NMR Facility for Solids (Ottawa, 
Canada), a national research facility funded by the Canada Foundation for Innovation, the Ontario Innovation Trust, 
Recherche Québec, the National Research Council Canada, and Bruker BioSpin and managed by the University of Ottawa 
(www.nmr900.ca). The Natural Sciences and Engineering Research Council of Canada (NSERC) is acknowledged for a Major 
Resources Support grant." 

In rare and exceptional circumstances, when the space is limited, for example in abstracts and communications, this full 
acknowledgement can be abbreviated as: 

"Access to the 900 MHz NMR spectrometer was provided by the National Ultrahigh-Field NMR Facility for Solids 
(www.nmr900.ca)." 

Application form 

Project Title 

Supported by (list financial support from all sources, e.g. Federal or Provincial government agencies, private foundations, 
industrial or other commercial organizations) 

Name of the applicant (normally PI) 

Organization 

Contact information 

Immediate user (if not the applicant, name, title, contact information) 

Requested visit dates 

Requested equipment, materials and supplies 

Requested technical assistance (if necessary) 

Research Proposal (one-two pages) 

Describe briefly research to be conducted, scientific goals, proposed time frame for the whole project. The proposal should 
include results obtained at lower magnetic fields and clearly demonstrate why the ultrahigh-field NMR instrument is 
requested. Please include a list of the most important publications relevant to the proposed research, either written by the 
applicant or publications by other researchers. 

Brief curriculum vitae of the applicant (normally PI, one page) 

Normally, the person applying for the instrument time should hold an ongoing Faculty (including Adjunct) or Staff position 
at an accredited University or College, or hold a senior research position with a Company. 

Brief curriculum vitae of the immediate user (if not PI, one page) 

CV should demonstrate sufficient first-hand experience of the applicant, or a person intended to work on the spectrometer 
on behalf of the applicant, in solid-state NMR, ability to perform complex experiments on modern NMR spectrometers 
independently or with minimal technical assistance.  
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Solid-State NMR Applications 

Solid-state NMR spectroscopy has a wide and lasting impact especially on the development of novel 

materials: catalysts, battery materials, gas storage materials (fuel cells) and glasses. All have 

immediate applications in energy conservation and the reduction of greenhouse gas emissions. In the 

materials area, developments in nanotechnology also benefit tremendously from having access to a 

larger NMR periodic table than is now routinely available, and the capability to work with small 

samples. Another area that benefits greatly is the combinatorial approach to materials synthesis where 

the gain in sensitivity (small sample size) and application of ultra-fast spinning will lead to the rapid 

evaluation of new concepts and products. A high-field NMR facility thus allows the greatly enhanced 

use of a very powerful and discerning probe of solid-state structure to a wide range of applications, 

including: 

- active sites in catalysts 

- framework connectivities in catalysts and glasses 
(structure) 

- semiconductors, sensors, confined clusters for novel 
device applications 

- interfaces in nanostructured materials and 
nanocomposites 

- combinatorial chemistry 

- biomolecules, membranes and semisolids via fast 
spinning 

- polymers and polymer blends via fast spinning 

- dynamics in polymers and biomolecules (small, multiple-
labelled samples) 

- applications in mineral and environmental chemistry 

The new knowledge generated by solid-

state NMR is finding many practical and 

commercial applications, for 

example in the petrochemical industry 

(catalysts, polymers), alternative 

energy (battery materials, fuel cells), 

materials fabrication (alloys), high tech 

materials (glasses, ceramics, 

nanostructured materials), electronics 

(novel devices), environmental 

applications (catalysts, sorbents, 

membranes, sensor materials) and pharmaceuticals. 
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Modern Solid-State NMR Techniques 

 

Various signal enhancement 

techniques are being implemented, 

including double-frequency sweep 

(DFS), rotor-assisted population 

transfer (RAPT), and hyperbolic 

secant (HS). 

A broad range of modern solid-state NMR tools is 

available to our users, including a variety of spin-

echo techniques in stationary samples (Hahn-

echo, quadrupolar echo and QCPMG), high-

speed magic angle spinning (MAS), cross-

polarization (CPMAS), satellite transition 

spectroscopy (SATRAS), multi-quantum MAS 

(MQMAS), satellite transition MAS (STMAS), 

heteronuclear correlation spectroscopy (HETCOR), 

combined rotation and multiple-pulse spectroscopy 

(CRAMPS), etc.   

Visit our website for the full 

list of available pulse 

programs and experiments.  
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Research Facilities 

 

900 MHz NMR Instrument 

 

The 900 MHz (21 T) Bruker AVANCE II NMR spectrometer 

 

Magnet: 21.1 T, Ultrastabilized 

Bore size: 54 mm (SB, standard bore) 

1H frequency: 900.08 MHz 

Field drift: < 6 Hz/hr (1H); < 0.5 Hz/hr with field drift compensation 

Magnet: 3.85 m x 1.88 m, ~7000 kg 

Coil temperature: 2 K 

Current: 250 A 

Liquid He volume: 700 L 

Liquid N2 volume: 440 L 

BMPC Bruker Magnet Pump Control Unit 

UPS (x2) + backup power generator (x2) 

 

Console: 4-channel digital AQS/2 Bruker AVANCE II  

MAS control unit: MAS II Bruker Digital 

Temperature controller: BVT 3000 Bruker Digital 

Digital lock control unit 

Gradient: GREAT 1/10 Z-gradient 

 

Amplifiers:  BLAX1000, 6-405 MHz, 1 kW linear amplifier 

BLAX1000, 6-405 MHz, 1 kW linear amplifier 

BLAH1000, 1H/19F, 1 kW linear amplifier 

BLAH300, 1H/19F, 300 W linear amplifier 

 

HPPR/2 preamplifier: - 1H low-power 

- broadband low-power  

- 2H 

- 1H/19F high-power 

- X broadband high-power 

- Y broadband high-power 
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Research Facilities 

 

Solid-state NMR probes 

 

Static wide-line probes, collaboration with SIMS NRC (J. Bennett) 
 

- Static #1, single channel, 35-170 MHz 
 
- Static #2, single channel, 40-150 MHz, variable temperature 
 
- Static #3, double channel, 1H/X (under construction) 

 
For magic angle spinning (MAS) 
 

- Bruker, 1.3 mm, 65 kHz MAS, 1H/ (15N-13C), VT 
 
- Bruker, 2.5 mm, 35 kHz MAS, (1H-19F) / (13C-31P), VT 
  extended frequency range 76 – 372 MHz 
 
- Bruker, 3.2 mm, 23 kHz MAS, 1H / (15N-13C), VT, 2H lock 
  extended frequency range 69 – 246 MHz 
 
- Bruker, 4 mm, 18 kHz MAS, 1H / (15N-13C), VT 
  extended frequency range 40 – 321 MHz 
 
- Bruker, 4 mm, 14 kHz MAS, 1H/15N/13C, VT 
   
- collaboration with Bruker BioSpin, 7 mm, low-gamma 
  frequency range 15 – 94 MHz 
 

 
 
 
 

 

Bruker zirconia MAS rotors and 1H MAS NMR spectra of Glycine 
obtained using a 1.3 mm MAS probe (D. Brouwer, NRC-SIMS) 
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Research Facilities 

 

Solid-state NMR instruments available at Partners’ Institutions 

 

The University of Ottawa 

http://www.science.uottawa.ca/nmr/ 

Located at: 

Department of Chemistry, University of Ottawa, 130 Louis Pasteur, Ottawa, Ontario, K1N 
6N5, CANADA 

Instruments: 

Bruker AVANCE 500 Wide Bore 

Bruker AVANCE III 400 Wide Bore 

Bruker AVANCE III 200 Wide Bore 

 

Steacie Institute for Molecular Sciences, National Research Council Canada 

http://nmr-rmn.nrc-cnrc.gc.ca/ 

Located at: 

1200 Montreal road, M-40, Ottawa, Ontario, K1A 0R6, CANADA 

Instruments: 

Bruker AVANCE 200 Wide Bore 

Bruker AVANCE 400 Wide Bore 

TecMag Discovery 500 Standard Bore 

 

Located at: 

100 Sussex Drive, Ottawa, Ontario, K1A 0R6, CANADA 

Instruments: 

Bruker AMX 300 Wide Bore 

TecMag Apollo 200 Wide Bore 

 

W.G. Schneider Building (M-40) , 1200 Montreal Road 
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Support Facilities at the W.G. Schneider Building (M-40) 

1. Liquid nitrogen storage 

2. Liquid nitrogen filling facility 

3. Preparation laboratory 

4. Machine shop 

5. Steacie Institute for Molecular Sciences NRC 

5a. TecMag 500 (11.7 T) 

5b. Bruker 400 (9.4 T) 

5c. Bruker 200 (4.7 T) 

6. Cut open magnet display (4.7 T) 

7. Institute for Biological Sciences NRC 

7a. Varian 600 (14.1 T) 

7b. MRI instrument (2 T) 

8. National Ultrahigh-Field NMR Facility 

Bruker 900 (21.1 T) 

9. Magnet equipment room 

10. Conference room and offices for visiting users 

11. Electronic Shop (upstairs) 



 

Page 12 

2007-2008 Annual Report 

 

Support Facilities at the W.G. Schneider Building (M-40) 

 

 

 

 

 

 

 

 

 

 

 

Machine shop (4) 

Electronic shop 

Preparation laboratory (3) 
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Support Facilities at the W.G. Schneider Building (M-40) 

 

 

 

 

 

Open magnet display (6) 

Offices for visiting scientists (10) 

Conference rooms (10) 
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Third Annual Solid-State NMR Workshop 

May 24, 2008, Shaw Conference Centre, Edmonton, Alberta 

The National Ultrahigh-Field NMR Facility for Solids and Bruker Canada presented the Third 
Annual Solid-State NMR Workshop on Saturday, May 24, 2008.  

Creating a tradition of a Canadian Solid-State NMR event, this Workshop focuses on the 
latest developments in the field of solid-state NMR. This year workshop was dedicated to 
practical aspects of solid-state NMR of quadrupolar nuclei and the ultrahigh-speed magic 
angle spinning (MAS) NMR. The Workshop was well-attended with more than fifty 

registered participants from all across Canada and abroad. 

The Third Annual  Workshop preceded the Symposium on Advances in Solid-State NMR 
at the 91st Canadian Chemistry Conference and Exhibition. 

Workshop Program 

 Session 1 Chair: Chris Ratcliffe (Steacie Institute for Molecular 
Sciences NRC) 

13:00-13:10 Welcome Victor Terskikh (National Ultrahigh-Field NMR Facility for 
Solids) 

13:10-13:30 André Charbonneau (NRC IMSB) "SpectroGrid: simple remote 
instrumentation using open source technologies" 

13:30-14:00 Robert Schurko (University of Windsor) “A survey of methods in ultra-
wideline solid-state NMR spectroscopy” 

14:00-14:30 Rebecca Chapman (University of Ottawa) "Application of chlorine-35/37 
solid-state NMR and GIPAW calculations to the study of the chemical shift 
and electric field gradient tensors in Group 13 chlorides" 

14:30-15:00 Kris Ooms (University of Delaware) “Vanadium-51 solid-state NMR 
spectroscopy of biologically important complexes and proteins" 

15:00-15:15 Coffee Break 

 Session 2 Chair: David Bryce (University of Ottawa) 

15:15-15:45 Jochem Struppe (Bruker BioSpin) “Adventures at high speed MAS” 

15:45-16:15 Darren Brouwer (NRC SIMS) "Solid-state proton NMR at 900 MHz" 

16:15-16:45 Jean-Paul Amoureux (Université des Sciences et Technologies de Lille) 
"New solid-state NMR methods to observe high resolution proton spectra 
at fast and ultra-fast MAS" 

17:00-18:30 Reception sponsored by Bruker Canada 



 

 

Page 15 

2007-2008 Annual Report 

Remote Access to NMR Instruments Using SpectroGrid  

André Charbonneau 

Research Computing Support, IMSB, NRC, Ottawa, Ontario 

andre.charbonneau@nrc-cnrc.gc.ca 

With the availability of high performance networking 
in fras tructure  across  Canada,  remote 
instrumentation over the Internet is becoming an 
increasingly viable solution.  Not only does it offer 
significant savings by alleviating travel related costs, 
but also facilitates resource sharing and better 
instrument utilization.  During 2008, researchers at 
the University of Ottawa, the University of Alberta 
and the University of Manitoba accessed the Bruker 
900 at the National Ultrahigh-Field NMR Facility for 
Solids using SpectroGrid.  Developed at the National 
Research Council Canada by the Information 
Management Services Branch, SpectroGrid is an 
application which leverages on open-source 
technologies to facilitate secure remote access to 
scientific instruments and computational resources. 

The remote desktop component of SpectroGrid is based on the Virtual Network Computing (VNC) 
technology.  In addition to providing a cross-platform solution, VNC offers stability and good 
application responsiveness, even on lower bandwidth connections.  Security in SpectroGrid is 

implemented using the Secure Shell (SSH) and 
certificate-based client and server authentication. 
These open-source technologies allow researchers 
to seamlessly and securely access instruments 
across the country. From a desktop computer, they 
can view and interact with the NMR software as if 
they were sitting at the instrument's console. All 
the information is securely and transparently 
transferred in an encrypted connection between 
the researcher's desktop and the remote 
instrument. More details about the design and 
security features of SpectroGrid can be found in a 
recently published paper [1]. Efforts are underway 
to further develop SpectroGrid and to deploy the 
application to more organizations and institutes 
across Canada. 

[1] A. Charbonneau, V. Terskikh, "SpectroGrid: Providing Simple Secure Remote Access to 
Scientific Instruments," 22nd International Symposium on High Performance Computing Systems and 

Applications, 9-11 June 2008, IEEE HPCS (2008) 76-82. http://dx.doi.org/10.1109/HPCS.2008.17 

Please visit the SpectroGrid website at http://www.spectrogrid.org for more information 

SpectroGrid presentation at the High Performance 
Computing Symposium, Québec City (June 2008) 

Data acquisition on the 900 MHz NMR instrument 
in Ottawa performed remotely at the University of 
Alberta in Edmonton (May 22, 2008) 
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Research Projects 

Biostructural chemistry, natural products, pharmaceuticals and health 

Cation-ππππ Interactions Studied by Solid-State NMR Spectroscopy 

S. Adiga,a D. Bryce,a B. Chapman,a  P. Lee,a  E.K. Elliottb and G.W. Gokelb 
a University of Ottawa, Ottawa, Ontario 

b Washington University School of Medicine, St. Louis, Missouri 

 

Solid-State 17O as a New Probe to Study Biological Structures 

I.C.M. Kwan, X. Mo, G. Wu 

Queen's University, Kingston, Ontario 

 

Structural Studies of Non-fibrillar Oligomers Formed by Mammalian Prion Proteins and 
Peptides 

S. Sharpe 

Hospital for Sick Children, University of Toronto  

 

Applications of Ultrahigh-Field NMR in Solid State for Pharmaceutical Research 

G. Enright, P. Gordon, S. Lang, J. Ripmeester, V. Terskikh 

Steacie Institute for Molecular Sciences, National Research Council Canada, Ottawa, Ontario 

 

Solid-State 87Rb NMR as a Surrogate Probe for Studying K+ Binding to Biological Structures 

R. Ida, G. Wu 

Queen's University, Kingston, Ontario 

 

Calcium-43 Chemical Shift Tensors as Spectroscopic Probes of Inorganic and Bioinorganic 
Systems 

D. Aebi, D. Bryce, E.B. Bultz 

University of Ottawa, Ottawa, Ontario 

 

Direct NMR Detection of Ion Binding to G-quadruplex DNA 

G. Wu 

Queen's University, Kingston, Ontario 

 

Structural Forms of Fluorides in Bone Tissue of Animals with Chronic Skeletal Fluorosis 

N.L. Allana, S. Gabudab  and V. Terskikhc 
a School of Chemistry, University of Bristol, U.K. 

b Institute of Inorganic Chemistry, Russian Academy of Sciences, Russia 

c Steacie Institute for Molecular Sciences, National Research Council Canada, Ottawa, Ontario 
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Nanostructured materials, electronics and energy storage 

 

Multinuclear NMR studies on Ionic Conducting Materials 

G. Goward 

McMaster University, Hamilton, Ontario 

 

Solid-State NMR of Low-Gamma Nuclei in Inclusion Compounds 

S. Lang, I. Moudrakovski, S. Patchkovskii, J. Ripmeester 

Steacie Institute for Molecular Sciences, National Research Council Canada, Ottawa, Ontario 

 

Electronic Structure in Luminescent Platinum Compounds Studied by Ultrahigh-Field Solid-
State NMR 

D. Brycea and G. van Kotenb 

a University of Ottawa, Ottawa, Ontario 

b Netherlands Institute for Catalysis Research, The Netherlands 

 

Multinuclear NMR Study of the Nitrogen-doped 6H-Polytype Silicon Carbide 

S. Hartman,a A. Bainb 

a Brock University, St. Catharines, Ontario 

b McMaster University, Hamilton, Ontario 

 

Ultrahigh-Field High-Resolution Solid-State 1H MAS NMR of Supramolecular Materials 

D. Brouwer, J. Ripmeester 

Steacie Institute for Molecular Sciences, National Research Council Canada, Ottawa, Ontario 

 

Multinuclear NMR Characterization of Organometallic Polymers 

D. Bellows, S. Clement, P. Harvey 

Université de Sherbrooke, Québec 

 

Catalysts, porous materials and minerals 

 

Direct Characterization of Metal Centers in Layered Metal Phosphates 

Y. Huang, A. Sutrisno, J. Zhu, Z. Yan 

University of Western Ontario, London, Ontario 

 

Nb-93 NMR in Niobia-Based Catalytic Systems 

O. Lapinaa and V. Terskikhb  
a Boreskov Institute of Catalysis, Russian Academy of Sciences, Russia 

b Steacie Institute for Molecular Sciences, National Research Council Canada, Ottawa, Ontario 
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Characterization of Single-Site Heterogeneous Metallocene Olefin Polymerization Catalysts 
by Solid-State NMR 

A. Rossini, R. Schurko 

University of Windsor, Windsor, Ontario 

 

Probing the Evolution of the Niobium Environment in Hydrothermal Synthesis from Nb2O5 
Grains to Microporous Na2Nb2O6 Fibers and NaNbO3 Cubes by 

93Nb Solid-State NMR 

Y. Huang, C. Kirby, J. Zhu 

University of Western Ontario, London, Ontario 

 

59Co Solid-State NMR in Co-based Catalysts 

D. Brycea and P. Hofmannb 

a University of Ottawa, Ottawa, Ontario 

b University of Heidelberg, Germany 

 

Multinuclear NMR Study of Reduced-Charge Smectites 

C. Detellier,a G. Faceya and P. Komadelb 
a University of Ottawa, Ottawa, Ontario 

b Institute of Inorganic Chemistry, Slovak Academy of Sciences 

 

Ultrahigh-Field 27Al and 29Si NMR of Aluminous Clinopyroxenes 

R. Flemming 

University of Western Ontario, London, Ontario 

 

Structure Refinement Strategies for NMR Crystallography of Zeolites 

D.H. Brouwer 

Steacie Institute for Molecular Sciences, National Research Council Canada, Ottawa, Ontario 

 

Advanced material research 

 

Solid-State 87Rb, 81Br and 127I NMR Studies of Chemical Shifts and Quadrupolar 
Interactions in Alkali Halide Solid Solutions 

C. Ratcliffe, J. Ripmeester, V. Terskikh 

Steacie Institute for Molecular Sciences, National Research Council Canada, Ottawa, Ontario 

 

A Solid-State 115In NMR Investigation of Indium(III)-Trihalide Phosphine Adducts and of 
Octahedral Indium(III) Complexes 

R.G. Cavell, F. Chen, G. Ma,  R. Wasylishen 

University of Alberta, Edmonton, Alberta 
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Characterization of Borate Glasses, Crystals and Minerals 

P. Aguiar, S. Kroeker, V. Michaelis 

University of Manitoba, Winnipeg, Manitoba 

 

Analysis of Chloride Ion Binding Environments in Organic and Inorganic Systems Using 
Chlorine-35/37 Solid-State NMR Spectroscopy 

D. Bryce, B. Chapman 

University of Ottawa, Ottawa, Ontario 

 

Multinuclear NMR Study of Solid Tetrahedral Arsenic Compounds 

G. Penner 

University of Guelph, Guelph, Ontario 

 

Practical Approaches to Solid-State NMR of Low Gamma Nuclei in Amorphous Materials 

S. Kroeker, V. Michaelis 

University of Manitoba, Winnipeg, Manitoba 

 

Characterization of 79/81Br Magnetic Shielding and Electric Field Gradient Tensors in a 
Series of Alkaline Earth Metal Bromides and Hydrates Thereof 

D. Bryce, C.M. Widdifield 

University of Ottawa, Ottawa, Ontario 

 

Solid-State NMR Studies of Crystalline “Ionic Liquids” 

D. Brouwer,a P. Gordon,a,b J. Ripmeester a,b 
a Steacie Institute for Molecular Sciences, National Research Council Canada, Ottawa, Ontario 

b Carleton University, Ottawa, Ontario 
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2008 Publications 

38) Gang Wu and Victor Terskikh, "A Multinuclear Solid-State NMR Study of Alkali Metal 
Ions in Tetraphenylborate Salts, M[BPh4] (M = Na, K, Rb and Cs): What is the NMR 
Signature of Cation-π Interactions?" Journal of Physical Chemistry A 112 (2008) 10359–
10364. http://dx.doi.org/10.1021/jp8064739 

37) Hiyam Hamaed, Jenna M. Pawlowski, Benjamin F.T. Cooper, Riqiang Fu, S. 
Holger Eichhorn, and Robert W. Schurko, "Application of Solid-State 35Cl NMR to the 
Structural Characterization of Hydrochloride Pharmaceuticals and their Polymorphs," 
Journal of the American Chemical Society 130 (2008) 11056–11065. 
http://dx.doi.org/10.1021/ja802486q 

36) Jianfeng Zhu, Zhi Li, Zhimin Yan, Yining Huang, "91Zr and 25Mg Solid-State NMR 
Characterization of the Local Environments of the Metal Centers in Microporous Materials," 
Chemical Physics Letters 461 (2008) 260-265. 
http://dx.doi.org/10.1016/j.cplett.2008.07.030 

35) Darren H. Brouwer, "A Structure Refinement Strategy for NMR Crystallography: An 
Improved Structure of Silica-ZSM-12 Zeolite from 29Si Chemical Shift Tensors," Journal of 
Magnetic Resonance 194 (2008) 136-146. http://dx.doi.org/10.1016/j.jmr.2008.06.020 

34) Guy M. Bernard, Kirk W. Feindel, Roderick E. Wasylishen, and T. Stanley 
Cameron "Solid-State 31P NMR Spectroscopy of a Multiple-Spin System: An Investigation 
of a Rhodium-Triphosphine Complex," Physical Chemistry Chemical Physics 10 (2008) 
5552-5563. (Hot Article) http://dx.doi.org/10.1039/b803596b 

33) David L. Bryce, Elijah B. Bultz, and Dominic Aebi, "Calcium-43 Chemical Shift 
Tensors as Probes of Calcium Binding Environments. Insight into the Structure of the 
Vaterite CaCO3 Polymorph by 43Ca Solid-State NMR Spectroscopy," Journal of the American 
Chemical Society 130 (2008) 9282–9292. http://dx.doi.org/10.1021/ja8017253 

32) Zhimin Yan, Christopher W. Kirby, and Yining Huang, "Directly Probing the Metal 
Center Environment in Layered Zirconium Phosphates by Solid-State 91Zr NMR," Journal of 
Physical Chemistry C 112 (2008) 8575–8586. http://dx.doi.org/10.1021/jp711137c 

31) Darren H. Brouwer, Saman Alavi and John A. Ripmeester, "NMR 
Crystallography of p-tert-Butylcalix[4]arene Host-Guest Complexes Using 1H 
Complexation-Induced Chemical Shifts," Physical Chemistry Chemical Physics 10 
(2008) 3857-3860. (Cover Article) http://dx.doi.org/10.1039/b805326j 
 

30) Darren H. Brouwer, "NMR Crystallography of Zeolites: Refinement of an NMR-Solved 
Crystal Structure Using ab Initio Calculations of 29Si Chemical Shift Tensors," Journal of the 
American Chemical Society 130 (2008) 6306–6307. http://dx.doi.org/10.1021/ja800227f 
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29) M. Vijayakumar, James F. Britten, and Gillian R. Goward, "Investigations of the 
Phase Transition and Proton Dynamics in Rubidium Methane Phosphonate Studied by Solid-
State NMR," Journal of Physical Chemistry C 112 (2008) 5221-5231. 
http://dx.doi.org/10.1021/jp710336h 

28) Ramsey Ida and Gang Wu, "Direct NMR Detection of Alkali Metal Ions Bound to G-
Quadruplex DNA," Journal of the American Chemical Society 130 (2008) 3590-3602. 
http://dx.doi.org/10.1021/ja709975z 

27) Darren H. Brouwer and Gary D. Enright, "Probing Local Structure in Zeolite 
Frameworks: Ultrahigh-field NMR Measurements and Accurate First Principles Calculations 
of Zeolite 29Si Magnetic Shielding Tensors," Journal of the American Chemical Society 130 
(2008) 3095-3105. http://dx.doi.org/10.1021/ja077430a 

26) Olga B. Lapina, Dzhalil F. Khabibulin, Alexander A. Shubin, and Victor 
V. Terskikh, "Practical Aspects of 51V and 93Nb Solid-State NMR Spectroscopy 
and Applications to Oxide Materials," Progress in Nuclear Magnetic Resonance 
Spectroscopy 53 (2008) 128-191. (invited review) 
http://dx.doi.org/10.1016/j.pnmrs.2007.12.001 

25) Patrick Crewdson, David L. Bryce, Frank Rominger, and Peter Hofmann, 
"Application of Ultrahigh-Field 59Co Solid-State NMR Spectroscopy in the Investigation of 
the 1,2-Polybutadiene Catalyst [Co(C8H13)(C4H6)]," Angewandte Chemie Int. Ed. 47 (2008) 
3454–3457. http://dx.doi.org/10.1002/anie.200705204 

24) Michelle A.M. Forgeron and Roderick E. Wasylishen, "Molybdenum Magnetic 
Shielding and Quadrupolar Tensors for a Series of Molybdate Salts: a Solid-State 95Mo NMR 
Study," Physical Chemistry Chemical Physics 10 (2008) 574-581. 
http://dx.doi.org/10.1039/b713276j 

23) Gang Wu, Peter Mason, Xin Mo, and Victor Terskikh, "Experimental and 
Computational Characterization of the 17O Quadrupole Coupling Tensor and Chemical Shift 
Tensor for p-Nitrobenzaldehyde and Formaldehyde," Journal of Physical Chemistry A 112 
(2008) 1024-1032. http://dx.doi.org/10.1021/jp077558e 

22) Guido D. Batema, Martin Lutz, Anthony L. Spek, Cornelis A. van Walree, Celso 
de Mello Donegá, Andries Meijerink, Remco W. A. Havenith, Javier Pérez-Moreno, 
Koen Clays, Michael Büchel, Addy van Dijken, David L. Bryce, Gerard P.M. van 
Klink, and Gerard van Koten, "Substituted 4,4'-Stilbenoid NCN-Pincer Pt(II) Complexes. 
Luminescence and Tuning of the Electronic and NLO Properties, and the Application in an 
OLED," Organometallics 27 (2008) 1690–1701. http://dx.doi.org/10.1021/om700352z 

 
21) Gang Wu, "Solid-State 17O NMR Studies of Organic and Biological 
Molecules," Progress in Nuclear Magnetic Resonance Spectroscopy 52 (2008) 
118-169. (invited review) http://dx.doi.org/10.1016/j.pnmrs.2007.07.004 
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Late 2007 Publications 

20) Cory M. Widdifield, Joel A. Tang, Charles L.B. Macdonald, Robert W. Schurko, 
"Investigation of Structure and Dynamics in the Sodium Metallocenes CpNa and CpNa·THF 
via Solid-State NMR, X-ray Diffraction and Computational Modelling," Magnetic Resonance 
in Chemistry 45 (2007) S116-S128. http://dx.doi.org/10.1002/mrc.2124 

19) Jason W. Traer, Gillian R. Goward, "Solid-State NMR Studies of Hydrogen Bonding 
Networks and Proton Transport Pathways Based on Anion and Cation Dynamics," Magnetic 
Resonance in Chemistry 45 (2007) S135-S143. http://dx.doi.org/10.1002/mrc.2127 

18) Philip K. Lee, Rebecca P. Chapman, Lei Zhang, Jiaxin Hu, Leonard J. Barbour, 
Elizabeth K. Elliott, George W. Gokel, and David L. Bryce, "39K Quadrupolar and 
Chemical Shift Tensors for Organic Potassium Complexes and Diatomic Molecules," Journal 
of Physical Chemistry A 111 (2007) 12859-12863. http://dx.doi.org/10.1021/jp0774239 

17) Rebecca P. Chapman and David L. Bryce, "A High-Field Solid-State 35,37Cl NMR and 
Quantum Chemical Investigation of the Chlorine Quadrupolar and Chemical Shift Tensors in 
Amino Acid Hydrochlorides," Physical Chemistry Chemical Physics 9 (2007) 6219-6230. 
http://dx.doi.org/10.1039/b712688c 

16) Joel A. Tang, Bobby D. Ellis, Timothy H. Warren, John V. Hanna, Charles L.B. 
Macdonald, and Robert W. Schurko, "Solid-State 63Cu and 65Cu NMR Spectroscopy of 
Inorganic and Organometallic Copper(I) Complexes," Journal of the American Chemical 
Society 129 (2007) 13049-13065. http://dx.doi.org/10.1021/ja073238x 

15) Jason W. Traer, James F. Britten, and Gillian R. Goward, "A Solid-State NMR 
Study of Hydrogen-Bonding Networks and Ion Dynamics in Benzimidazole Salts" Journal of 
Physical Chemistry B 111 (2007) 5602-5609. http://dx.doi.org/10.1021/jp071471b 

Since the Fall of 2005, when the Facility was opened to users, more than 
forty research papers featuring results from the 900 instrument have been 
published in leading research journals, including four cover articles and two 

major reviews. Visit our web-site www.nmr900.ca for the most recent list of 
publications and current research projects. 



 

 

Page 23 

2007-2008 Annual Report 

2007-2008 

B.Sc. , M.Sc. and Ph.D. Theses 

Peter Gordon, M.Sc. thesis (September 2008), Department of Chemistry, Carleton 
University, “Probing the local structure of pure ionic liquid salts with 35Cl, 79Br and 127I solid 
state NMR” (Supervisor Prof. J. Ripmeester) 

Jianfeng Zhu, Ph.D. thesis (July 2008), Department of Chemistry, University of Western 
Ontario; “Characterization of Inorganic Framework and Lamellar Materials by Solid-state 
NMR Spectroscopy” (Supervisor Prof. Y. Huang) 

Guido D. Batema, Ph.D. thesis (June 2007), Department of Organic Chemistry and 
Catalysis, Utrecht University, “Conjugated ECE-Pincer Metal Complexes: New Optical 
Materials and Bio-Conjugates” (Supervisors Prof. G. van Koten, Prof. D.L. Bryce) 

Pedro M. Aguiar, Ph.D. thesis (May 2007), Department of Chemistry, University of 
Manitoba, “Multinuclear Magnetic Resonance Investigations of Structure and Order in 
Borates and Metals Cyanides” (Supervisor Prof. S. Kroeker) 

Andy Lo, Ph.D. thesis (May 2007), Department of Chemistry and Biochemistry, University 
of Windsor, "Solid-State NMR Experiments on Inorganic Materials" (Supervisor Prof. R. 
Schurko) 

Christine M. McKinley, Honours B.Sc. thesis (April 2007), Department of Chemistry, 
University of Manitoba, “Local structure and network mixing in model nuclear wasteforms: 
An 17O NMR study of cesium borosilicate glasses” (Supervisor Prof. S. Kroeker) 

Dominic Aebi, Honours B.Sc. thesis (April 2007) Department of Biochemistry, University 
of Ottawa, “Development of Solid-State 43Ca NMR: Paving the Way Towards Biochemical 
Applications” (Supervisor Prof. D.L. Bryce) 

Philip K. Lee, Honours B.Sc. thesis (April 2007), Department of Biochemistry, University 
of Ottawa, “Solid-state 39K and 23Na NMR Study of Cation-pi Interactions of Biochemical 
Importance” (Supervisor Prof. D.L. Bryce) 

Gregory D. Sward, Honours B.Sc. thesis (April 2007), Department of Biochemistry, 
University of Ottawa, “Chlorine-35 Solid State NMR Investigation of Model Biological 
Chlorine Compounds” (Supervisor Prof. D.L. Bryce) 

Irene Kwan, M.Sc. thesis (February 2007), Department of Chemistry, Queen’s University, 
“NMR and computational studies of cation-directed self-assembly” (Supervisor Prof. G. Wu) 

Ramsey Ida, Ph.D. thesis (January 2007), Department of Chemistry, Queen’s University, 
“NMR studies of alkali metal ion binding in G-quadruplex DNA” (Supervisor Prof. G. Wu) 
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Solid-state 17O NMR as a new probe to study biological structures 

Gang Wu,a Xin Mo,a and Victor V. Terskikhb 

(a) Department of Chemistry, Queen’s University, Kingston, Ontario 

(b) Steacie Institute for Molecular Sciences, NRC, Ottawa, Ontario 

gangwu@chem.queensu.ca 

Oxygen is one of the most important elements in organic and biological molecules. Solid-state 17O 

(spin-5/2) NMR for organic compounds has, however, remained largely unexplored due to 

experimental difficulties in detecting 17O NMR signals. Since 2000, we have developed a 

comprehensive research program in solid-state 17O NMR studies of organic and biological compounds 

[1]. Using the 900 MHz spectrometer at the National Ultrahigh-Field NMR Facility for Solids, we have 

been able to tackle more challenging problems.  

In the past year, we have considerably extended 

the detection limit of solid-state 17O NMR. In 

particular, we have observed solid-state 17O NMR 

spectra for a series of C-nitroso compounds. An 

extreme case is shown in Figure 1. The value of  

CQ(17O) observed for N,N-dimethyl-[70%,17O]-

nitrosoaniline is 15 MHz, which is the largest value 

yet measured by solid-state 17O NMR. In addition, 

the 17O chemical shift anisotropy observed in this 

compound is extremely large, Ω = δ11 - δ33 = 2850 

ppm! The previous records for these 17O NMR 

quantities measured by solid-state 17O NMR 

experiments are those for p-nitrobenzaldehyde, 

10.7 MHz and 1085 ppm [2].  

The long-term goal of this project is to apply solid-

state 17O NMR to biological systems. One potential 

area of solid-state 17O NMR applications is in the 

study of substrate-enzyme complexes. It is 

generally easier to introduce 17O labels into 

substrate molecules than protein molecules. 

Figure 2 shows the 17O MAS spectrum (at 21.1 T) 

of an avidin/biotin complex, together with the 

crystal structure of this complex (PDB entry 

Figure 1: (a) 35-kHz MAS and (b) static 17O NMR 
spectra of N,N-dimethyl-[70%, 17O]-nitrosoaniline 
at 21.1 T. The 17O NMR parameters determined for 
the nitroso oxygen are: CQ = 15 MHz, ηQ = 0.3; δiso 
= 1200 ppm, δ11 = 2900, δ22 = 650, δ33 = 50 ppm.  
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1avd). Avidin is a glycoprotein isolated 

from hen egg-white that forms a 

tetramer with a total molecular weight 

of about 62 kDa which can bind up to 4 

biotin molecules with extremely high 

affinity (Kd = 10-15 M). This example can 

be used for assessment of the 17O NMR 

detection limit for biological samples. In 

the present case, a large amount of 

protein (ca. 20 mg) was used in the 

exper iment; however,  the  1 7O 

enrichment level was relatively low, ca. 

18%. The overall S/N can be improved 

by using higher 17O enrichment levels 

(e.g., 70-90%). Further sensitivity 

improvement can be achieved by use of 

some specialized pulse sequences to 

increase the central-transition signal 

intensity. Our analysis suggests that, if 

a reasonable amount of protein is 

available (e.g., several mg), the 17O 

NMR sensitivity at 21.1 T should not be 

the limiting factor in the study of ligand-

protein complexes.   

In summary, we have obtained high-

quality solid-state 17O NMR spectra of organic compounds and a substrate-enzyme complex. The 

sensitivity of these experiments at 21 T makes it possible to study biological systems. We expect 

some important results to be obtained in the very near future.  

References 

[1] G. Wu, Progress in NMR Spectroscopy, 52 (2008) 118.  

[2] G. Wu, P. Mason, X. Mo, V. Terskikh, J. Phys. Chem. A  112 (2008) 1024.  

[3] G. Wu, S. Dong, R. Ida, N. Reen, J. Am. Chem. Soc. 124 (2002) 1768. 

[4] I.C.M. Kwan, X. Mo, G. Wu, J. Am. Chem. Soc. 129 (2007) 2398. 

Figure 2: (above) Crystal structure of avidin/biotin complex (PDB 
entry 1avd). Only the asymmetric unit (Chains A and B) is shown. 
(below) 17O MAS spectrum of the avidin/biotin complex obtained 
at 21.1 T (G. Wu and V. Terskikh, unpublished results).  A recycle 
delay of 2 s was used to accumulate a total of 40,000 transients. 
Approximately 20 mg protein was used. The 17O enrichment level 
in [1,2-17O2]biotin is 18%.  
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Calcium-43 chemical shift tensors as spectroscopic probes of 
inorganic and bioinorganic systems 

David L. Bryce, Elijah B. Bultz, and Dominic Aebi 

Department of Chemistry, University of Ottawa, Ottawa, Ontario 

dbryce@uottawa.ca 

Calcium is a key element in diverse biochemical and inorganic systems.  It would therefore be very 

desirable to further develop Ca-43 NMR spectroscopy as a probe of the local calcium environment.  

To date, there has been a handful of solid-state 43Ca NMR studies [1-4]. The NMR spectroscopic 

properties of Ca-43 (I = 7/2; Ξ = 6.739 MHz; N.A. = 0.135 %; Q = ‑4.08 fm2) are generally 

favourable with the exception of the very low natural abundance of this isotope and the low 

resonance frequency.  Isotopic enrichment is very expensive.  Furthermore, central-transition signal 

enhancement methods such as the use of hyperbolic secant pulses seem to become less efficient for 

higher spins.  QCPMG methods are also of little use for accurate quantification of the NMR interaction 

tensors since the 43Ca lineshapes are relatively narrow.  The signal-to-noise afforded by the 21.1 T 

instrument has therefore been critical for the results achieved in the present study.  

Previous Ca-43 solid-state NMR studies have yielded isotropic chemical shifts and some quadrupolar 

coupling constants.  However, to our knowledge, only one chemical shift tensor span has been 

reported [1], and no complete chemical shift tensors (i.e., including orientational information) have 

been determined for calcium.  We have begun to develop natural-abundance 43Ca solid-state NMR 

spectroscopy at 21.1 T and gauge-including projector-augmented-wave (GIPAW) DFT calculations as 

tools to provide insight into calcium binding environments, with special emphasis on the calcium CS 

tensor.  We have reported the first complete analysis of a 43Ca solid-state NMR spectrum, including 

the relative orientation of the CS and electric field gradient (EFG) tensors, for calcite (Fig. 1) [5].  

Figure 1: Natural abundance solid-state calcium-43 NMR spectra of powdered calcite.  Left: under MAS 
conditions at 21.1 T; right: under stationary conditions.  
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The span of the CS tensor is 8 ± 2 ppm, in 

distinct contrast to the value of 57 ± 4 ppm 

reported for the aragonite polymorph [1].  We 

have also shown that GIPAW calculations of 

the 43Ca CS and EFG tensors for a series of 

small molecules reproduce experimental 

trends; for example, the trend in available 

solid-state chemical shifts is reproduced with a 

correlation coefficient of 0.983 (Fig. 2).  The 

results suggest the utility of the calcium CS 

tensor as a novel probe of calcium binding 

environments in a range of calcium-containing 

materials. 

On the basis of the excellent agreement 

between experimental and calculated calcium 

NMR interaction tensors achieved during the 

first part of this study, we have pursued the 

application of a combined experimental-theoretical 43Ca NMR approach to provide insight into the 

structure of the vaterite polymorph of calcium carbonate.  Experimentally, orthorhombic and 

hexagonal structural representations have been proposed on the basis of powder X-ray diffraction 

experiments.  We have concluded that the hexagonal P63/mmc space group provides a better 

representation of the structure than does the orthorhombic Pbnm space group, thereby 

demonstrating the utility of 43Ca solid-state NMR as a complementary tool to X-ray crystallographic 

methods [5]. 

Future work on this project will examine the relationship between calcium CS tensors and local 

structure in a wider range of materials, including organic calcium compounds which are models for 

biological calcium binding environments. 

References 

[1] R. Dupree, A.P. Howes, S.C. Kohn, Chem. Phys. Lett. 276 (1997) 399 (and references therein). 

[2] Z. Lin, M.E. Smith, F.E. Sowrey, R.J. Newport, Phys. Rev. B 69 (2004) 224107. 

[3] A. Wong, A.P. Howes, R. Dupree, M.E. Smith, Chem. Phys. Lett. 427 (2006) 201. 

[4] K. Shimoda, Y. Tobu, K. Kanehashi, K. Saito, T. Nemoto, Solid State Nucl. Magn. Reson. 30  

(2006) 198.  

[5] D.L. Bryce, E.B. Bultz, D. Aebi, D. J. Am. Chem. Soc. 130 (2008) 9282.  

Figure 2: Correlation between calculated (GIPAW) 43Ca 
shielding constants and experimental chemical shifts.  
The data points for the two possible structures of vaterite 
(Pbnm and P63/mmc) were excluded from the fit.  Partly 
on this basis, we conclude that the P63/mmc structure is 
favoured for vaterite.  
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Direct NMR detection of ion binding to G-quadruplex DNA  

Gang Wu and Ramsey Ida  

Department of Chemistry, Queen’s University, Kingston, Ontario 

gangwu@chem.queensu.ca 

Alkali metal ions such as Na+ and K+ are known to play important roles in the formation, stability and 

structural polymorphism of G-quadruplex DNA and RNA [1]. Although a large number of G-

quadruplexes have been structurally characterized by either solution NMR spectroscopy or 

crystallography, detailed information regarding the mode of alkali metal ion binding in G-quadruplex 

DNA and RNA have become available only recently from high-resolution crystallographic studies.  In 

the past several years, we have developed a solid-state NMR approach as a new means of directly 

detecting alkali metal ions in G-quadruplex DNA and related systems [2-7]. 

Recently, we obtained solid-state 23Na NMR spectra of a G-quadruplex DNA, d(G4T4G4), at 21 T [8]. 

This DNA oligomer is related to the repeat sequence d(T4G4) found in the Oxytricha nova telomere. 

As shown in Figure 1, the K+ form of d(G4T4G4) [9] adopts an antiparallel, bimolecular quadruplex 

structure consisting of four stacked G-quartets and two diagonal thymine loops. Figure 2 shows the 

magic-angle-spinning (MAS) 23Na NMR spectrum of d(G4T4G4). Here we further utilized a rotor-

synchronized spin echo experiment to selectively suppress the phosphate-bound Na+ ions because 

Figure 1: Crystal structure of the K+ form of d(G4T4G4) [9].  
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they have a shorter T2 than the other 

signals. As a result, the T2 filtered 23Na 

MAS spectrum clearly shows a signal 

centered at -8 ppm, in addition to the 

channel Na+ signal centered at -17 ppm. 

We have used a computational approach 

to assign the signal at -8 ppm to be due 

to the Na+ ions residing in the T4 loop 

region. This is the first time that Na+ ions 

are found in this region. 

In summary, with the better sensitivity 

and chemical shift dispersion achievable 

at 21.1 T, we plan to tackle some 

challenging problems related to ion 

binding to G-quadruplex DNA. For 

example, the DNA of human telomeres 

consists of repeats of the sequence 

TTAGGG. We plan to use 23Na and 39K 

NMR to directly examine the ion binding 

sites in this important DNA sequence. 

 Figure 2: Solid-state T2-filtered 23Na MAS NMR spectrum of 
d(G4T4G4) at 21.1 T. The sample spinning was 10 kHz. A total 
of 3 mg DNA was used and the sample was at a relative 
humidity of 80%.  

15 10 5 0 -5 -10 -15 -20 -25ppm

loop Na+

channel Na+

T4 diagonal loop

Phosphate-bound Na+NaCl

15 10 5 0 -5 -10 -15 -20 -25ppm

loop Na+
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T4 diagonal loopT4 diagonal loop

Phosphate-bound Na+NaCl
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As one of the low-g quadrupolar nuclei, 39K is notoriously difficult to study by NMR. The difficulty of 

solid-state 39K NMR experiments is primarily twofold. First, the low 39K NMR frequency not only 

makes the overall NMR sensitivity very low, but causes severe second-order quadrupole broadening, 

because the second-order quadrupole broadening is inversely proportional to the NMR frequency of 

the nucleus under observation. Second, the 39K chemical shift range (< 150 ppm) usually is much 

smaller than the second-order quadrupole broadening, making solid-state 39K NMR spectra often lack 

of site resolution. For these reasons, solid-state 39K NMR experiments are often time-consuming and 

produce very broad spectra at low and moderate magnetic fields (e.g., 11.75 T). Until recently solid-

state 39K NMR studies have been largely restricted to simple 

inorganic salts. Recently, several groups have demonstrated 

solid-state 39K NMR at high magnetic fields [1-4]. However, 

the small chemical shift range of 39K remains to be an 

obstacle to further chemical applications. In this project, we 

explore the possibility of using solid-state 87Rb NMR as an 

alternative approach to study K+ binding. The NMR 

receptivity of 87Rb at natural abundance is nearly 100 times 

larger than that of 39K.  In addition, the relatively large 87Rb 

chemical shift range makes 87Rb NMR spectra potentially 

more sensitive to the chemical environment around the Rb+ 

ion. 

To test the sensitivity of solid-state 87Rb NMR at 21.1 T, we examined several organic Rb salts. 

Figure 1 shows the crystal structure of Rb(B15C5)2Br·3H2O, in which the Rb+ ion is sandwiched 

between two B15C5 rings coordinating to a total of ten oxygens [5]. Figure 2 shows 87Rb MAS 

spectra of Rb(B15C5)2Br·3H2O at 21.1 T with two different MAS frequencies. Because the value of 

CQ  (87Rb) is quite large in this compound, ca. 13 MHz, a very fast MAS frequency of 60 kHz had to be 
used to separate the central band from spinning sidebands. Even though only a very small amount of 

sample was used (1-2 mg) with the 1.3-mm MAS rotor, the spectral quality is quite good after 

accumulation of 20,000 transients with a recycle time of 0.5 s (a total experimental time of ca. 3 hr). 

It should be noted that, at low magnetic fields (e.g., 11.75 T), it has not been possible to use MAS to 

study similar Rb+ systems [6]. Now we are in the process of preparing some Rb-DNA samples. We 

Figure 1: Crystal structure of 
               Rb(B15C5)2Br·3H2O [5].   

Rb+Rb+
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anticipate that very fast (> 60 kHz) 87Rb MAS at 21 T will open new possibilities for studying ion 

binding in biological systems.  
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Figure 2: Solid-state 87Rb MAS spectra of Rb(B15C5)2Br·3H2O at 21.1 T 
   (G. Wu and V. Terskikh, unpublished results).  
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We have been working on developing chlorine solid-state NMR spectroscopy into a useful probe of 

chloride ion binding environments in bioinorganic systems and inorganic materials [1,2,3]. The NMR 

spectroscopic properties of chlorine-35 (I = 3/2; Ξ = 9.809 MHz; N.A. = 75.53 %; Q = ‑8.165 fm2) 

and chlorine-37 (I = 3/2; Ξ = 8.165 MHz; N.A. = 24.47 %; Q = ‑6.5 fm2) make high magnetic fields, 

such as the 21.1 T instrument at the National Ultrahigh-Field NMR Facility for Solids, ideal. The 

reduction in second-order quadrupolar linewidths at higher fields, due to the inverse relationship 

between magnetic field strength and this second-order interaction, allows for the acquisition of high-

quality NMR spectra of isotopes with moderate to large quadrupole moments.  In addition, we have 

found that the extraction of accurate chemical shift 

tensor information for 35/37Cl often requires high fields, 

since the chemical shift (CS) anisotropy, which can often 

be very small, increases (in Hz) with field strength.  

Over the past year, we have extended our chlorine NMR 

studies of solid amino acid hydrochlorides to include 

aspartic acid HCl, alanine HCl, cysteine HCl 

monohydrate, histidine HCl monohydrate, methionine 

HCl, and threonine HCl.  The results of these studies 

were reported in Physical Chemistry Chemical Physics 

[4]. The chloride ion binding environments in amino acid 

hydrochlorides and peptide hydrochlorides serve as 

useful models for Cl- environments in more complex 

systems such as chloride ion transport channels.  Our 

previous studies revealed a correlation between the 

hydropathy of the amino acid and the magnitude of the 

chlorine quadrupolar coupling constant; interestingly we 

found an anomalously large value of CQ (-7.1 MHz) for 

aspartic acid hydrochloride (Fig. 1) [4].  This result was 

explained by observing that the salt crystallizes with 

triclinic P1 symmetry, in contrast to the higher symmetry 

Figure 1: Local structure around the 
chloride ion in aspartic acid HCl, and the 
corresponding Cl-35 SSNMR spectrum 
obtained at 21.1 T. 
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associated with the crystal structures of the other 

salts.  This study nicely demonstrates the 

sensitivity of the chlorine NMR parameters to 

both local and long-range symmetry.  We are in 

the process of extending this work to look at 

peptide hydrochlorides.  Early results indicate 

that this will be feasible and that we will be able 

to apply what we have learned from amino acid 

hydrochlorides to provide insights into the 

chloride ion binding environments in small 

peptides.  Preliminary spectra for Val-Val 

hydrochloride are shown in Fig. 2.  

We have also reported on chlorine solid-state 

NMR studies of the alkaline earth chlorides [3]. 

We are continuing this work and looking at a 

wider range of inorganic chlorides in order to 

establish correlations and our understanding of 

the relationship between the chlorine NMR 

interaction tensors and the local chloride 

environment in inorganic materials. For example, 

we have reported preliminary results for a series of group 13 chlorides [5].  These studies benefit 

tremendously from the National Ultrahigh-Field NMR Facility for Solids, as the chlorine quadrupolar 

interactions are typically substantially larger than those we have observed previously in the systems 

described above.  For example, in InCl3, the 35Cl quadrupolar coupling constants are on the order of 

25 MHz. 

We are currently preparing a review of chlorine, bromine, and iodine solid-state NMR for Annual 

Reports on NMR Spectroscopy.  
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Figure 2:  Experimental and simulated chlorine-35 
NMR spectra of Val-Val HCl obtained under MAS (top) 
and static (bottom) conditions.  
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Solid-state 1H NMR spectroscopy generally suffers from poor spectral resolution due to the narrow 1H 

chemical shift range and the dominant 1H-1H homonuclear dipolar interactions present in most 

materials. However, new opportunities are emerging as these challenges are being met by advances 

in magic-angle spinning technology, the development of advanced pulse sequences (and the 

hardware to implement them), and the availability of high magnetic fields. Since the linewidths in 1H 

MAS spectra are approximately inversely proportional with MAS frequency, the availability of probes 

capable of achieving fast MAS conditions (~35 kHz), and now ultrafast MAS conditions (~70 kHz), 

offers increased resolution in 1H MAS NMR spectra. Furthermore, the ability to perform solid-state 1H 

NMR experiments at ultrahigh-fields offers a further gain in spectral resolution since the chemical 

shift interaction scales linearly with magnetic field strength, while the 1H-1H dipolar interaction 

remains constant. 

We have investigated complexation-induced 1H 

chemical shifts in p-tert-butyl[4]calixarene 

host-guest complexes by fast 1H MAS NMR and 

ab initio calculations [1] (Figure 1). Calixarene 

inclusion compounds with toluene and pyridine 

show large complexation-induced shifts of the 

guest proton resonances arising from additional 

magnetic shielding caused by the aromatic 

rings of the cavities of the host calixarene 

lattice. In combination with ab initio 

calculations, these observations can be 

employed for NMR crystallography of host–

guest complexes, providing important spatial information about the location of the guest molecules in 

the host cavities.      

An exciting development at the Ultrahigh-Field NMR Facility for Solids was the delivery of a 1.3 mm 

MAS NMR probe capable of MAS frequencies of up to 65 kHz. The test spectra for L-tyrosine-HCl, 

presented in Figure 2 demonstrate the significant gain in resolution available with very fast MAS. For 

Figure 1: 1H MAS NMR spectrum obtained with 32 kHz 
MAS at 21.1 T of the p-tert-butyl[4]calixarene host-
guest complex with toluene. The insets are two views of 
ab initio calculated complexation induced shift maps in 
the calixarene cavities.  
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L-tyrosine-HCl, the high resolution enables a great 

deal of structural information to be obtained in a 

2D double-quantum dipolar recoupling experiment 

which probes the spatial proximities between 

protons. 

Very fast 1H MAS NMR played a crucial role in 

recent work in elucidating the hydrogen bonding 

network of self-assembling C^G rosette nanotube 

structures. With very fast MAS (60 kHz) and 

ultrahigh-field (21.1 T), it was possible to resolve 

every proton site. With 2D 1H-1H and 1H-15N 

correlation experiments (Figure 3), the peaks were 

assigned and the proposed self-complementary 

hydrogen bond ing  arrangement  was 

unambiguously confirmed, providing the first 

molecular-scale evidence for the existence of 

these nanotube structures [2].  

 

Figure 2: 1D and 2D 1H MAS NMR spectra of L-
tyrosine-HCl at 21.1 T.  

Figure 3: 1D and 2D 1H MAS NMR spectra  
obtained with 60 kHz MAS at 21.1 T (left) of self-
assembled C^G rosette nanotubes (above).  
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Alkaline niobates are a novel material with enormous technological and scientific interest because of 

their excellent nonlinear optical, ferroelectric, piezoelectric, electric-optic, ionic conductivity, 

pyroelectric, photorefractive, selective ion exchange and photocatalytic properties.  The ability of 

fabricating various niobates with different structures and controlling the morphology is critical to their 

applications.  Recently, we demonstrated that by optimizing the reaction conditions, we can 

selectively fabricate niobate structures with different morphologies (Figure 1) including bar-like 

particles (Na8-x(H3O)xNb6O19·nH2O), microporous fibres (Na2Nb2O6·⅔H2O) and cubes (NaNbO3) 

through a direct reaction between concentrated NaOH solution and Nb2O5 under hydrothermal 

conditions [1].  Although various niobates and the reaction intermediates were characterized by SEM, 

powder XRD, 23Na MAS and 3QMAS and Raman spectroscopy, the direct information regarding the 

chemical environment of niobium has not been obtained.  

In this work, we have acquired 93Nb 

NMR spectra at 21.1 and 9.4 T of 

several representative niobate species 

obtained during synthesis. Figure 1 

shows the selected 93Nb static spectra 

at 21.1 T as a function of heating 

time, clearly illustrating the evolution 

of Nb local environment.  The sample 

treated for 60 min containing the bar-

like particles is a new sodium niobate 

with unknown structure [1]. The 

spectra acquired at two fields (9.4 and 

21.1 T) can be well simulated with a 

single Nb site (Fig. 2). Our previous 
23Na 3QMAS study identified two 

disordered Na sites in this material [1] 

Figure 1:  93Nb NMR static spectra recorded at 21.1 T and SEM 
images illustrating the evolution of particle morphology. 
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and the present work shows that this phase only has a single Nb site. The quadrupoalr coupling 

constant (CQ = 55 MHz) is very large, indicating that this site must be highly distorted.  The non-zero 

asymmetry parameter (ηQ = 0.4) suggests that the site symmetry of Nb must be lower than C3.  The 

large span (Ω =900 ppm) indicates that the Nb at this site also experiences a very large chemical 

shielding interaction.  Simulating the spectra of the 120-min sample corresponding to the fibril solids 

obtained at 21.1 and 9.4 T clearly shows that there are two different Nb sites (Fig.3). Observing two 

Nb sites is consistent with the proposed crystal structure based on powder XRD data [2]. The fact 

that two sites have quite large, but very similar CQ and Ω values implies that although both sites are 

highly distorted, they have similar local environments. The spectrum of the 48-hr sample shows that 

the dense cube only has a single, highly symmetric Nb site. 

In summary, we have characterized the Nb local environments of a series of niobates obtained 

during hydrothermal synthesis.  The results of this study allow us to gain a better understanding of 

the reaction mechanism. 
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Ultrahigh field NMR at 21.1 T at the National Ultrahigh-Field NMR Facility for Solids  (Ottawa) was 

integral in four published projects, including 45Sc NMR experiments were instrumental in identifying 

the nature of scandium dopant sites in LaF3 nanoparticles [1], measurements of copper CSAs in a 

variety of ultra-wideline NMR spectra of copper complexes [2], sodium CSAs in polymeric sodium 

metallocenes [3], assignments of 15N resonances in layered silver-containing solids [4] and 

characterization of pharmaceutical polymorphs via 35Cl NMR [5].  We are continuing work on 

pharmaceuticals (35Cl, 23Na) and nanoparticle samples (multinuclear). 

Projects in progress: 

Metallocenes. We have amassed a large amount of 35Cl, 47/49Ti and 91Zr NMR data for a series of 

titanocenes, zirconocenes and hafnocenes.  These metallocenes are important in homogeneous and 

heterogeneous catalysis for polyethylene production; however, little is known about the precise 

mechanism of these catalytic processes.  Probing the metal centers of these metallocenes may 

provide rich insight into initiation, polymerization and termination processes.  The chemical shift and 

quadrupolar parameters extracted from 35Cl,  47/49Ti  and 91Zr NMR spectra are very sensitive to slight 

structural modifications, ligand substitution and variation in substituents on the cyclopentadienyl 

rings (Figure 1).  High field spectra of these insensitive nuclei can be acquired quite rapidly, 

suggesting that the high field will be instrumental in conducting studies on metallocenes loaded onto 

micro- and mesoporous support materials. We have initiated studies on supported materials in 

collaboration with Christophe Coperet (CPE, Lyon, France). 

Adiabatic Pulses & Microcoils.  We have initiated a series of projects for signal enhancement of ultra-

wideline patterns, using adiabatic pulses and microcoils [6]. Some data (for 71Ga NMR of 

phthalocyanines complexes) has been acquired at 21.1 T; after our techniques are refined, we hope 

to introduce them at the National Ultrahigh-Field NMR Facility for Solids  for general use. 
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Figure 1: Solid-state 35Cl NMR spectra of Cp2ZrHCl acquired at 9.4 T and 21.1 T and analytical 
simulations of the spectra. Simulations with (solid red trace) and without (dashed blue trace) the 
effects of CSA are shown. CSA can only be detected at 21.1 T. The solid-state structure of the 
compound is currently unknown, however the CS and EFG tensor parameters suggest the 
compound possesses a dimeric structure in the solid-state. 
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The pumpkin-shaped cucurbituril molecules, CB[n], consisting of cyclic oligomers of [n] glycouril 

units, belong to a relatively new class of host materials. We are investigating the structures and 

host-guest properties of a number of CB[n] materials with n=5-8.  The CB[n] molecules partially 

enclose an internal space of increasing volume as [n] increases. In 

addition to this it is found that the packing of the CB[n] units in 

numerous crystalline phases leads to formation of additional pore space 

in the form of channels and intermolecular voids. CB[n] materials 

crystallized from solutions generally contain a large number of water 

molecules, and can incorporate anions and cations, and other guest 

molecules.  

We had hoped to use 13C CP/MAS NMR at lower fields as a tool for routine screening of new 

materials, to match the crystal splitting patterns of the resonances to different structural types. 

However, this proved futile at 7.05T since all three types of carbon in the CBs are attached to two 

nitrogens, which leads to drastic broadening due to the 14N quadrupole. At 21.1T, as has been 

demonstrated earlier for caffeine (Crystal Growth & Design, 8 (2007) 1406-1410), this effect is 

completely removed and much sharper spectra are resolved, Figure 1. The multiplets observed for 

the chemically distinct carbons all correlate well with the known crystal structures of the trial 

materials studied, e.g. the asymmetric unit of the CB[6] material which gives the spectrum in 

Figure  1(c) contains six distinct 

carbonyls, and indeed this 

resonance is split into six lines. 

Furthermore, it is evident that 

the CB[6] material of 

Figure  1 (b) has a different 

crystal structure than 1(c).  

Cucurbituril [5] 

(a)

(b)

(c)

Figure 1:  13C CP/MAS spectra of 
two crystalline CB[6] host-guest 
materials: (a) and (b) CB[6] of 
unknown structure obtained from 
HCl solution with acetone at 
7.05T and 21.1T respectively, 
both spinning at 6 kHz; (c) CB[6] 
R3bar channel structure obtained 
from H2SO4 solution at 21.1T, 
spinning at 14 kHz.  
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Ionic liquids (IL) have been known for nearly a century but are recently garnering increased interest 
due to their unique characteristics.  The term “room temperature ionic liquid” (RTIL) is often used 
interchangeably with “ionic liquid” and is by convention defined as an organic salt with a melting 
point ca. 100 °C or less.  RTILs are considered part of the green chemistry paradigm due to their 
negligible vapour pressure and ease of recycling.  A broad spectrum of tunable properties arises from 
the customizability of the organic cation and the variety of cation-anion pairings.  A great deal of 
recent effort has gone into the characterization of ionic liquids in order to determine if they have 
properties that are uniquely different from other liquids.  Evidence of liquid state order, observed by 
IR and Raman spectroscopy, diffraction studies, and simulated by ab initio methods, has been 
reported in the literature.  

Here, the quadrupolar nuclei were used as NMR probes to 
extract information about the solid and possible order in the 
liquid state of RTILs.  The anisotropic nature and field 
dependence of quadrupolar and chemical shift interactions are 
exploited to this end.  Relaxation time measurements were 
employed to investigate the molecular motions present in the 
liquid state and infer what kind of order is present. 

Solid state NMR spectra of quadrupolar nuclei involve a number 
of spin interactions and one of the tools we use to help tease 
out information from the nuclei is Magic Angle Spinning. For 
example, MAS eliminates anisotropic chemical shielding 
interactions. By examining spectra under static and MAS 
conditions, it is possible to determine both quadrupolar and CSA 
parameters, which provide information as to the local electronic 
environment of the nuclei. Also, the strength of the magnetic 
field will affect the lineshape; increasing magnet strength 
decreases the quadrupolar contribution to the line width, and 
increases the effect of chemical shift anisotropy (Fig.1). 
Gathering spectra at different field strengths is an effective way 
to refine the parameters used in simulating and verifying 
parameters. For nuclei with large quadrupolar coupling 
constants the 900 MHz instrument is an essential asset.  

We discovered that for chloride, bromide and iodide ILs in the solid state, the quadrupolar and 
chemical shift interactions of the halide nucleus are consistent with those found in other solid organic 
chloride, bromide and iodide salts.  In addition, our investigations demonstrate a lack of significant 
order on a timescale of ~10-3 sec.  The results suggest that reports in the literature of observed 
“structure” must exist on a shorter timescale.  

Figure 1:  127I static NMR spectra 
of (A) tmim[I] and (B) dmpyrro[I] 
RTILs at 21.1 T. 
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Sulfur is one of the most important elements present in many organic, inorganic materials and 

biologically important molecules.  Due to the unfavourable NMR characteristics of sulfur-33, solid-

state S-33 NMR has not been extensively used for characterization of sulfur environment.  A recent 

study showed that the static S-33 spectra of S-containing materials with large quadrupolar coupling 

constants may be obtained at ultra-high magnetic field [1].  In the present work, we have examined, 

for the first time, several representative layered transition metal disulfides including MoS2, WS2, 

ZrS2, TiS2 and TaS2 at 21.1 T.   

We demonstrate that the static S-33 

spectra are very sensitive to the local 

geometry around S atoms and the 

electronic properties of the materials.  

For example, the broad spectrum of MoS2 

is completely dominated by the second-

order quadrupolar interactions, whereas 

the narrow signal of ZrS2 is solely 

determined by chemical shielding 

interactions (Figure 1).  The featureless 

resonance obtained in the spectrum of 

TaS2 can be related to its charge density 

wave (CDW) phase often existing in 

Group 5 metal dichalcogenides. 

Surprisingly, these closely related materials displayed a wide range of quadrupolar coupling constant, 

CQ, from zero to ca. 10 MHz and chemical shift anisotropy ranging from zero to 250 ppm.  The 

observed quadrupolar coupling constants can be predicted reasonably well by first principles 

theoretical calculations based on plane wave-pseudo potential density functional theory.  We also 

found that the CQ values can be correlated to the structural parameters such as the average M-S-M 

angle. 

[1]  I.L. Moudrakovski, S. Lang, S.S. Patchkovskii, J.A. Ripmeester, Abstract, 49th Rocky Mountain 
Conference. 

Figure 1:  33S NMR spectra of stationary MoS2 and ZrS2 samples 
recorded at 21.1 T. 
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Refinement of zeolite crystal structures using ultrahigh-field 
measurements and ab initio calculations of 29Si chemical shift tensors  

Darren H. Brouwer 

Steacie Institute for Molecular Sciences, NRC, Ottawa, Ontario 

Darren.Brouwer@nrc-cnrc.gc.ca 

The principal components of zeolite 29Si chemical shift tensors have recently been accurately 

measured and calculated for the first time [1]. The experiments were performed at an ultrahigh 

magnetic field of 21.1 T in order to observe the small anisotropies of the 29Si shielding interactions 

that arise for Si atoms in near-tetrahedral geometries (Figure 1). The 29Si shielding tensors 

calculated using Hartree-Fock ab initio calculations on clusters derived from the crystal structures are 

in excellent agreement with the experimental results. The accuracy of the calculations is strongly 

dependent on the quality of the crystal structure used, indicating that the 29Si shielding interaction is 

extremely sensitive to the local structure around each Si atom. These NMR measurements and 

calculations have been incorporated into a structure refinement method [2,3] that complements the 

recently described structure solution method from 29Si double-quantum NMR data [4], providing a 

near-complete suite of tools for the NMR crystallography of zeolites. For the zeolite Sigma-2, the 

NMR solved and refined crystal structure [2] was found to be virtually indistinguishable from the 

single-crystal X-ray diffraction crystal structure (Figure 2). The NMR structure refinement strategy 

was also applied to the zeolite ZSM-12 and yielded an improved crystal structure over the previous 

powder XRD structure [3]. 
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Figure 1: 29Si quasi-static powder patterns for Si 
sites in the zeolite ZSM-5.  

Figure 2: Deviations of the NMR-determined atomic 
coordinates from the single-crystal XRD structure for 
the zeolite Sigma-2.  
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Characterization of 79/81Br magnetic shielding and electric field 
gradient tensors in a series of alkaline earth metal bromides and 

hydrates thereof 

Cory M. Widdifield and David L. Bryce 

Department of Chemistry, University of Ottawa, Ottawa, Ontario 

dbryce@uottawa.ca 

Motivated by our previous successes in developing solid-state NMR (SSNMR) methodologies for 
35/37Cl, we have initiated 79/81Br SSNMR experiments on inorganic bromine-containing systems with 

the goal of establishing such experiments as useful probes of the bromine environments [1]. The 

systems considered in our initial study are to serve as model systems for future studies as their 

crystal structures are known, and in several cases the 79Br quadrupolar frequency, νQ(79Br), has been 

determined previously using NQR experiments.  The NMR spectroscopic properties of bromine-79 

(I=3/2; Ξ=25.053 980 %; N.A.=50.54 %; Q=0.33 barn) and bromine-81 (I=3/2; Ξ=27.006 518 %; 

N.A.=49.46 %; Q=0.27 barn) serve to make standard-field 79/81Br SSNMR experiments exceedingly 

difficult in all but the most ideal of scenarios (i.e., tetrahedral or octahedral nuclear site symmetry).  

While the quadrupolar interaction (QI) is expected to be 

the dominant perturbation to the Zeeman interaction, 

the subtle effects the chemical shift anisotropy (CSA) 

have been observed by carrying out 79/81Br SSNMR 

experiments on both NMR-active bromine isotopes and 

at two magnetic field strengths (i.e., at B0 = 11.75 T 

and 21.1 T).  Definitive observation of QI and CS tensor 

interplay would not be conceivable without data 

acquisition at the higher field.  A striking example is 

provided in Figure 1 concerning BaBr2, which has two 

bromine crystal sites that are not related by an inversion 

centre. It was found that the two sites have similar, but 

distinguishable, QI parameters.  

The bromine-79/81 SSNMR experiments have offered 

not only an opportunity to confirm prior X-ray and NQR 

parameters, but they have also allowed us to make 

proposals regarding crystal structure and characterize 

sample composition when it is unknown.  One such 

application is highlighted in Figure 2.  By combining our 

multiple-field experimental approach with gauge-

including projector augmented plane wave (GIPAW) 

Figure 1: (A) Solid-state 81Br spectrum (bottom) of 
powdered MgBr2 at 21.1 T. The analytical (WSolids) 
simulation (top) could be fit to the experimental 
pattern only when the effects of CSA and non-
coincident QI and CS tensor frames are considered. 
A de-convolution of the two sites (middle) is also 
provided. (B) Solid-state 79Br spectrum and 
simulations, as in (A).  
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calculations as implemented within the CASTEP software [2], we are able to reach definitive 

conclusions regarding the position of the bromine atom in this compound.  The combined NMR/

GIPAW approach shows that the bromine atom position sits 0.04 Å from the position determined by 

powder diffraction methods in 1929 [3]. This seemingly small change in position causes a very large 

increase in the resulting bromine nuclear electric quadrupolar coupling constant.  

Since this project was proposed in March of 2008, 79/81Br SSNMR data have now been acquired for a 

range of bromine-containing inorganic salts (MgBr2, CaBr2, SrBr2, BaBr2), stable hydrates 

(MgBr2·6H2O, SrBr2·6H2O, BaBr2·2H2O) and the mixture CaBr2·xH2O. This work was recently 

presented at the 50th Rocky Mountain Conference on Analytical Chemistry [4]. 

Various applications of this work, which would benefit from the 21.1 T spectrometer, can be 

envisioned.  For example, it has been established that BaBr2 is an excellent X-ray storage device 

when doped with Eu(II) or Ce(III) [5]. It would be interesting to probe the local bromine structure as 

a function of doping level and comment upon any structural changes that may occur. In addition, we 

are currently preparing a review of chlorine, bromine, and iodine solid-state NMR for Annual Reports 

on NMR Spectroscopy. 
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Figure 2: (A) Solid-state 81Br spectrum (bottom) of powdered MgBr2 at 21.1 T. The analytical (WSolids) 
simulation (top) neglects the effects of CSA and non-coincident QI and CS tensor frames. (B) The 
currently accepted crystal structure of MgBr2, as originally proposed by Ferrari and Giorgi. Using a 
combined NMR/GIPAW approach, it is proposed that the true position of the unique bromine atom (circled) 
is +0.04 Å along the c-axis from what is shown in (B).  
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25Mg ultrahigh-field solid-state NMR 
and first principles calculations in magnesium salts 
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Magnesium has a prominent place both in geology and biology. It is the eighth most abundant 
element in the Universe and the seventh most abundant element in the Earth's crust [1,2]. Solid- 
state NMR is a powerful spectroscopic technique that is capable of providing a wealth of information   
on the electronic environment of magnesium and the local symmetry of Mg sites in solids. 25Mg NMR 
complements the XRD for crystalline materials and as such has proven to be very useful in structural 
studies, yet there is also potential for learning about non-crystalline and nanoscale materials. So far, 
25Mg remains a largely under-explored nucleus. The two main objections restricting  25Mg studies are 
its low Larmor frequency of 2.49 MHz/T and the limited natural abundance at 10.13%. In addition, 
25Mg is a spin 5/2 quadrupolar nucleus with a relatively large quadrupole moment of 0.22x10-28m2. 

Since very early publications [3-8], 
attempts have been made to establish 
relationships between 25Mg spectroscopic 
parameters and the structure and Mg 
environment of the materials studied. With 
the use of DNP, some excellent work has 
been performed on single crystals (i.e. in 
forsterite [8]), providing very accurate 
quadrupolar coupling parameters for the 
two Mg sites in the mineral. Early attempts 
to correlate the structural and 
experimental 25Mg solid state NMR 
parameters, particularly quadrupolar 
coupling constants, were only marginally 
successful [4].  Partly this could be due to 
the fact that the limited number of 
magnesium-containing materials studied. Also, because of the difficulties of performing 25Mg NMR at 
low and medium strength magnetic fields, some earlier data are unreliable and require clarifications.  

In this work we:  

a) Study 25Mg NMR for a number of not previously reported magnesium salts of known crystal 
structures. 

b) Revisit and clarify the spectra of some previously reported Mg-containing materials that were 
obtained at lower field and were either not sufficiently resolved, or simply misinterpreted.    

c) Carry out first principles plane wave periodic system calculations of the 25Mg NMR parameters 
(CASTEP) and compare the results to experimental data. The calculations produce the 25Mg 
absolute shielding scale and give us insight into relationship between NMR and structural 
parameters. 

Figure 1: Stationary spin-echo and rotor synchronized MAS-
QCPMG 25Mg NMR spectra of Mg3N2 at 21.1 T.  
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At 21.1 T the effects of quadrupole 
interactions are reduced significantly and the 
sensitivity and accuracy in determining 
chemicals shift and quadrupole coupling 
parameters improve dramatically. We 
demonstrate that the chemical shift range of 
magnesium in diamagnetic compounds may 
approach 200 ppm. Most commonly, however, 
the observed shifts are between -15 and +25 
ppm. The quadrupolar effects dominate the 
25Mg spectra of magnesium cations in non-
cubic environments. The chemical shift 
anisotropy appears to be rather small and 
only in a few cases could a contribution of the 
CSA be detected reliably.  Figure 1 shows the 
first experimental 25Mg spectra of Mg3N2. This 
compound demonstrates the largest reported 
CQ to date of 9.33 MHz and the most de-
shielded magnesium atom with δi=107 ppm.  

The magnesium quadrupolar and shielding tensor parameter calculations have been performed using 
the GIPAW approach, using the plane-wave basis sets [9]. This method has been specifically 
developed for extended lattice structures and is known to be capable of reproducing the magnetic 
resonance parameters with good reliability [10, 11]. 

Figure 2 shows the correlation obtained between calculated isotropic 25Mg shielding constants and 
experimental 25Mg isotropic chemical shifts both reported previously and obtained in this work.  A 
very good correspondence between the calculated and experimental data demonstrates the good 
potential of applying computational methods in solid state NMR for the assignment of sites and the 
relative orientations of the EFG and CSA tensors.  
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Figure 2: Correlation between calculated 25Mg isotropic 
shielding constants σi and experimental 25Mg isotropic 
chemical shifts δi for 35 magnesium compounds. 
The best fit is  σi (ppm) = -1.052 · δi - 567.7 ; R =0.95. 
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Continuing with the work reported last year we have been studying alkali halide solid solutions, 

making use of the numerous non-integer alkali metal and halogen quadrupolar nuclei. The results 

demonstrate that there is a random distribution of the anions or cations among their sites in the 

sodium chloride or cesium chloride type lattices giving rise to numerous geometrical configurations 

about the nucleus under investigation. These sites can be resolved in many instances because of 

chemical shift and the 2nd order quadrupolar effects. Furthermore the chemical shifts vary with the 

lattice constant as the composition changes. The results also provide information about the structure 

of the solid solutions, in agreement with the buckled lattice picture. 

 35Cl MAS NMR of RbCl/KCl solid solutions 

In our earlier work on 81Br of RbBr/KBr solid solutions we developed a simple model, based on the 

classical pictures of electric field gradient tensors and the point charge approximation, which 

predicted the relative magnitudes of the quadrupolar coupling constants (CQ) and asymmetry 

parameters (η) for the different geometrical configurations of the first shell of mixed ions.  With 35Cl 

NMR studies of RbCl/KCl we have been able to confirm aspects of this model which could not be 

confirmed with the 81Br spectra.  

Figure 1: 35Cl MAS NMR spectra of RbCl/KCl solid solutions at 7.05T and 21.1T. 
The less symmetric configuration of Cl[Rb3K3] is indicated by the red circle. 
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At 7.05T (Fig.1) the most symmetric species 

Cl  [Rb6], Cl[K6] and the piano stool conformation 
Cl [Rb3K3], which have very small CQ, can be 

resolved, and in a 97:3 RbCl:KCl solid solution the 

Cl[Rb5K] 2nd order lineshape (with CQ=0.76 MHz 

and η=0) can be seen when the intensity scale is 

expanded. All other non-symmetric species are 

broadened and shifted beyond recognition at 7.05T, 

whereas at 21.1T signals from all seven 

coordination species can be seen (Fig.1). The lines 

also demonstrate the effects of the distribution of 

cations in the third shell: the lines are sharp at the 

extreme ends of the composition range and 

broaden quite significantly towards the 50:50 

composition. The advantages of the 21.1T field for 

quadrupolar nuclei are self-evident and dramatic as 

illustrated by Figure 1. 

Neglecting smaller effects from distributions in the 

third shell of cations, the model predicts that the 

Cl  [Rb5K] species will have a non-zero CQ, whose 

magnitude we quantify as X, with η=0, as 

observed. For Cl[Rb3K3] which has two geometrical 

isomers, the model then predicts that the piano 

stool isomer should have a CQ of zero, whereas the 

second less symmetrical isomer should have CQ=1.5X with η=1. The intensity ratio of the two should 

be 12:8. In fact resonances for both species can be seen in the 21.1T spectra, with the lineshape for 

the less symmetric species showing as a strong shoulder on the isotropic line. A fit of the spectrum 

for the 50:50 composition, Fig.2 (top), gives CQ=1.17 MHz with η=1 for the asymmetric species, 

which compares well with 1.14 MHz calculated from X=0.76 MHz observed for Cl[Rb5K]. The model 

also suggests that the two geometric isomers of Cl[Rb4K2] (and likewise for Cl[Rb2K4]) should have 

distinct lineshapes since one should have CQ=X (η=0), whereas the other should have CQ=2X (η=0). 

In this case the intensity ratio of the two should be 12:3 making it more difficult to see the CQ=2X 

component.  Nevertheless, there is residual intensity on the low shift sides of the Cl[Rb4K2] and 

Cl  [Rb2K4] peaks in Fig. 2 (top) which is probably associated with these CQ=2X species. 

We also carried out 35Cl 3QMAS experiments, Fig. 2 (bottom), in an attempt to see if all the different 

geometric species could be resolved by this technique. Indeed the most symmetric species, Cl[Rb6], 

Cl[K6] and Cl[Rb3K3] with CQ~0, all show up on the diagonal of the 2D plot, whereas the CQ=X 

species, Cl [Rb5K], Cl[Rb4K2], Cl[Rb2K4] and Cl[RbK5], appear on a line running parallel to the 

diagonal. The CQ=1.5X Cl[Rb3K3] species is also well resolved and further off the diagonal. However, 

no definitive signals could be seen for the CQ=2X species of Cl[Rb4K2] and Cl[Rb2K4], presumably 

because they are much weaker and broader.  

Figure 2: 35Cl NMR spectra at 21.1T of a 50:50 
RbCl/KCl solid solution. Top: MAS showing a fit 
including the 2nd order lineshape of the less 
symmetric Cl[Rb3K3] configuration. Bottom: 3QMAS. 
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Indium coordination complexes find many important applications ranging from materials chemistry to 

nuclear medicine [1-4]. For example, the adducts of indium trihalide or indium trialkyl compounds 

with phosphine ligands are environment-friendly, single‑source precursors for preparing a wide range 

of InP-based semiconductors [1]. The octahedral indium(III) acetylacetonate, In(acac)3, is a versatile 

precursor for preparing a variety of materials, including pure or doped In2O3 nanocrystals [2].  The 

radioactive nuclide, 111In, incorporated in indium(III) tris(tropolonato), In(trop)3, is commonly used 

as a labelling agent in diagnostic nuclear medicine [3]. Indium complexes are reasonably well studied 

in the solution state and are usually characterized by coordination numbers ranging from two to eight 

[4].  However, structural information for these complexes in the solid state is still relatively scarce.   

In this project, we demonstrated that solid-state 115In NMR studies of coordination complexes are 

feasible, particular at an ultrahigh magnetic-field strength, even though 115In has the largest 

quadrupole moment, Q = 81.0 fm2, of the main group elements. These complexes include 

six‑coordinate In(acac)3 and In(trop)3, five‑coordinate indium(III) triiodide bis(tris(4‑methoxyphenyl)

phosphine oxide), I3In[OP(p‑Anis)3]2, as well as four‑coordinate indium(III) trichloride tris

(2,4,6‑trimethoxyphenyl)phosphine, Cl3In(TMP) [5].  The 115In NMR spectrum for I3In[OP(p‑Anis)3]2 

at 21.1 T is shown in Figure 1.  

We extended the study of solid-state 115In NMR to “real” indium coordination complexes such as 

indium trihalides with triarylphosphine adducts, X3In(PR3)n (X = Cl, Br or I; PR3 = PPh3, 

P  (C6H4-p-OCH3)3,  P(C6H4-o-OCH3)3,  P(C6H4-m-OCH3)3,  P[2,6-C6H3(OCH3)2]3 and 

P [2,4,6-C6H2 (OCH3) 3] 3; n = 1 or 2) as well as other octahedral compounds such as In2O3.  The 

indium-115 nuclear quadrupolar coupling constants, CQ(115In) values, and chemical shift, CS, tensors 

for these compounds were obtained from 115In NMR spectra at both 21.1 and 11.7 T.  The effects of 

both the halide ligands and the indium coordination environment on the indium electric field 

gradients, EFGs, and CS tensors were systematically studied.  For some of these complexes, isotropic 
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and anisotropic indirect spin-spin coupling values, 1J(115In,31P) and ∆J(115In,31P) respectively, were 

obtained from 31P NMR spectra of both stationary and MAS samples. To complement our 

experimental results, zeroth-order regular approximation density functional theory (ZORA DFT) 

computations were performed using the Amsterdam Density Functional (ADF) program [6]. The 

theoretical results are in good agreement with experimental values. 
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Figure 1: Molecular structure and 115In NMR spectrum for stationary I3In[OP(p‑Anis)3]2 
at 21.1 T [5]. 
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National Solid-State NMR Network 

Main Objectives 

 

To create and maintain a web-based information resource “Solid-state NMR in 
Canada” with information about Solid-State NMR facilities across Canada 

• people 

• projects 

• available hardware 

 

To facilitate transfer of knowledge and expertise between members at regularly 
organized workshops and symposia, and via quarterly bulletin “Canadian NMR 
research” 

• news and announcements 

• recent publications 

• feature articles 

• NMR jobs and Post-doc positions 

 

To foster and stimulate co-operation and partnership among network members, 
including joint grant applications 

 

To advance and promote Solid-State NMR among potential industrial users and the 
public 
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"Canadian NMR Research" news bulletin 

www.nmr900.ca 

Launched in the Fall of 2007, a news bulletin “Canadian NMR Research" has been  envisioned as a 

communication and collaboration tool bringing together the Canadian NMR community. As a part of 

the "Canadian National Solid-State NMR Network" initiative, the bulletin was created to facilitate 

transfer of knowledge and expertise between network members, to foster and stimulate co-operation 

and partnership, and to advance and promote NMR spectroscopy among potential industrial users 

and the public 

Since its launch the bulletin has received strong support from Canadian researchers working in the 

field of magnetic resonance spectroscopy. The bulletin is prepared quarterly by the 900 Facility with 

input from researchers from across the country who uses NMR spectroscopy in their practice. The 

bulletin is then distributed electronically to over 300 Canadian and foreign subscribers covering all 

facets of magnetic resonance spectroscopy, from Faculty and government researchers, to graduate 

students and postdocs. The bulletin is also posted online on the Facility's website.  

The news bulletin covers many topics of interest 

- Canadian NMR news 

- Prizes and awards 

- NMR Theses recently defended 

- On the move 

- Upcoming events 

- New NMR books 

- NMR jobs and vacancies 

- Canadian NMR research highlights 

- New NMR publications from Canadian NMR labs 
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Our partners 

 

Creation of the Facility was made possible by contributions from 

Canada Foundation for Innovation (CFI) 

Ontario Innovation Trust (OIT) 

Recherche Québec (RQ) 

National Research Council Canada (NRC) 

Bruker BioSpin Ltd. 

 

Ongoing operations of the Facility are funded by 

Canada Foundation for Innovation (CFI) 

Natural Sciences and Engineering Research Council of Canada (NSERC) 

National Research Council Canada (NRC) 

University of Ottawa 

 

Facility is managed by 

University of Ottawa 

 

About the University of Ottawa: 

The University of Ottawa is one of Canada's principal comprehensive, research-intensive, 
postsecondary institutions. Its campus community totals more than 35,000 full-time students, faculty 
and staff living, working and studying in both of Canada's official languages in a thoroughly 
cosmopolitan milieu. We are proud to call ourselves "Canada's university." 

 Media inquiries: Sophie Nadeau, Media Relations Officer, (613) 562-5800 ext 3137 

About NRC: 

Recognized globally for research and innovation, Canada's National Research Council (NRC) is a 
leader in the development of an innovative, knowledge-based economy for Canada through science 
and technology. 

 Media inquiries: Hélène Létourneau, Communications Officer, (613) 991-5419 

About CFI: 

The Canada Foundation for Innovation (CFI) is an independent corporation created by the 
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