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In vivo Triple Quantum Effects of Bound Potassium, Chloride and Sodium Ions at 21.1 T

Schepkin, V.D. (NHMFL); Neubauer, A. (Heidelberg U.); Odintsov, B. (Beckman Institute, U. of Illinois at Urbana-Champaign); Litvak, I.; Gor’kov, P.; Brey, W. (NHMFL) and Budinger, T.F. (Lawrence Berkeley National Laboratory/U. of California, Berkeley)  
Introduction
Triple quantum (TQ) signals are unique features for ions such as potassium, chlorine and sodium nuclei, as they all have spin=3/2. During binding the ions interact with the electric field gradients of the surrounding macromolecules, and in vivo these are mainly proteins. In this state, the behavior of the nuclear magnetization cannot be described by the classical vector model.  However, these changes can be described by the irreducible tensor operators [1]. The transformation of irreducible tensors is similar to the transformation of the corresponding spherical harmonics [1] and the process of the TQ signal creation can be visualized graphically. 

Experimental 

 A graphic presentation of the TQ signals as a set of spherical harmonics was modeled using Mathematica 10.3 software.   Experiments for in vivo detection of the TQ signals in rat head were performed using the 21.1 T magnet (NHMFL facility, Tallahassee, FL). 
Results and Discussion
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 For nuclei having spin = 3/2 (as potassium, chlorine and sodium) in the presence of ion binding (or quadrupolar interactions), a vector model of the nuclear magnetization rotation by RF pulses is no longer useful.  The angular behavior of MR magnetization in this case can be presented (Fig. 1) by spherical harmonics representing the corresponding irreducible tensors.  It is important that at the middle of the pulse sequence, the magnetizations such as Y33 and Y31 have a sum of all its components equal to zero.  Thus, at these moments the MR magnetization is not observable. The symmetrical process of the magnetization transfer Y11(Y31(Y33(Y31(Y11 through the invisible states (Y31, Y33, Y31) can be accomplished only in the presence of non-averaged quadrupole interactions O22 at the beginning and the end of the pulse sequence.   In vivo TQ signal from chloride ion has the lowest ratio TQ/SQ among other ions.

Fig.1. Visualization of the TQ MR signals during three ninety degrees RF pulse sequence.  Spherical harmonics Ynm can represent MR magnetization in detectable and non-detectable states.  The Y33 is the central part of the TQ process.  Quadrupolar 
interaction O20 during binding increases and later decreases the rank of the tensors (or spherical harmonic’s ranks), finally yielding the observable MR magnetization Y11.  
Conclusions

Visualization of the TQ magnetization using spherical harmonics represents an explicit way to analyze the multiple features of the TQ signals’ creation.  It helps to examine the application of the TQ signals for biological research.
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