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Abstract 

NMR is the one of the most widely used and helpful spectroscopic technicque. It’s theoritical parts 

depend on quantum physics, this technique has transformed the practice of chemistry.It’s principle 

based on spin angular momentum and NMR interactions in a static magnetic field. Proton shows two 

orientations named α and β. When spins pulsed, spins are changed from one orientation to another. 

After pulse technique, spin relaxes. Longitudinal relaxation time,T1, called spin-lattice relaxation. If all 

spins relaxed enough, informations about molecules can be obtained from peaks and integrate of 

peaks. And peaks also represent chemical exchange in the mixtures. This project work, based on 

determine to principles and interactions of NMR and determine to usefully experiments on 

water/ethanol samples. 
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1. Introduction 

One of  the most widely used and helpful  spectroscopic technique is NMR. It is dependent makes use 

of an effect that is familiar from quantum mechanical physics, this technique has transformed the 

practice of chemistry. When two pendulums are joined by the same slightly flexible support and one 

is set in motion, the other is forced into oscillation by the motion of the common axle, and energy 

flows between two. To observe the most efficiently energy transfer, the frequencies of the two 

oscillators must be identical. The condition of strong effective coupling when the frequencies are 
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identical is called resonance, and the excitation energy is said to resonate between the coupled 

oscillators.[1] 

Many nuclei have spin angular momentum. A nucleus with spin quantum number I may take 2I+1 

different orientations quantized states relative to an arbitrary axis along which the static magnetic 

field is aligned.  The different  quantized orientations are described by the projection quantum 

number  mı: 

mı = I,I-1,…,-I    (1.1)  

a nuclear spin quantum number. 

A proton has I=1/2 and may take two orientations (mI=+1/2 and mI=-1/2). Sometimes, they are 

named α and β states.[2] 

  I 1/2 : 
1
H, 

3
H, 

13
C, 

15
N, 

19
F, 

31
P; 

  I 1 : 
2
H(D), 

14
N; 

  I 3/2 :  
11

B, 
23

Na, 
27

Al, 
35

Cl, 
59

Co   (1.2) 

 

1.1  Nuclear Spin  

 Every atom which has odd atomic number or mass number has a nuclear spin. The nucleus which 

turns with spin around itself and has electrical charge creates it’s own magnetic field. 

 

 

Figure 1 shows the direction of spin when apply a external magnetic field [3]  

 

 



4 
 

 The magnetic field of these protons orient in a static magnetic field the same direction as the 

external magnetic field, or in the opposite direction of the external magnetic field. If proton absorbs 

a photon which has enough energy, it changes direction in the magnetic field. 

 

    Figure 2 shows α and β states of spin[4]  

 

 

 

The energy differences between two states of spin -1/2 are directly proportional to the strength of 

the static magnetic field, B0 

∆E=Eβ-Eα=1/2(gıµNB)-[(-1/2)gIµNB]=γћB0  (1.3) 

where γ is the gyromagnetic ratio and it is characteristic for every atom (for Hydrogen, γ=26,7519 

rad.s-1.T-1) and  gI is the nuclear g-factor, a characteristic of the nucleus, and µN is the nuclear 

magneton: 

γ 
    

 

 

        µN=
 ћ

   
= 5,051x10

-27
J.T

-1 
  (1.4) 

In this expression mp is the mass of the proton and T denotes the unit tesla, which is used to measure 
the intensity of a magnetic field. 
If the sample is bathed in radiation of frequency ν, then the energy separations come into resonance 
with the radiation when the frequency satisfies the resonance condition: 
 
     hν=gIµNB=γIћB          (1.5)    

                       

At the resonance; there is strong coupling between the nuclear spins and the radiation, and strong 
absorbtion occurs as the spins flip from ↑ to ↓.[5] 
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1.2 Magnetic Shielding 

If all protons absorb the same amount of energy in the static  magnetic field,B0, we couldn’t get 

molecular information. Electrons which turn around the nucleus reduce the effect of external field by 

creating an induced magnetic field to opposite of external magnetic field. 

Therefore it is necessary to increase the intensity of magnetic field at the same frequency (during the 

frequency and energy is the stable of the absorbed photon). 

δB=-σB     (1.6) 

where δB is the small additional magnetic field which is created by motion of the electrons and σ is 

the shielding constant. The constant σ may be negative or positive. Nuclei in different chemical 

groups have different shielding constants. Because the total local field is 

bloc=B+δB=(1-σ)B      (1.7) 

If we turn back to resonance condition; 

hν=gIµNbloc=gIµN(1-σ)B     (1.8) 

σ varies with the environment, therefore the resonance condition is different for nuclei in different 

environments. Hence, different nuclei come into resonance at different frequencies. Chemical shift 

are reported on the δ scale, which is defined as 

                
    

          (1.9) 

Where    is the resonance frequency of the standard. 

  ν-  =δ.  .10
-6

           (1.10) 

If δ>0, nucleus is deshielded, if δ<0, then it is shielded. And σ is the total of the positive diamagnetic 

contribution, σd, and a negative paramagnetic contribution, σp, and we can write as 

           σ σd-σp              (1.11) 

If paramagnetic contribution dominates, σ is negative and if diamagnetic contribution dominates, is 

positive.[6] 

 

 

1.3 NMR Spectrometer 

The intensity of the signals shows how many different protons there are, and resonance frequency of 

the signals (chemical shift) shows how much shielded of proton. Intensity of signal indicates how 
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many same protons there are. Splitting of signals indicates how many protons there are on the 

neighbor atoms. 

 

 

                                                       Figure 3 shows a basic schema of  a NMR spectrometer [7] 

 

                             Figure 4 shows a  the proton NMR spectrum of an ethanol sample (CH3CH2OH) [8]  

 

 

1.4  Tetra Methyl Silane 
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TMS (tetramethylsilane) is used for reference, and it is added to sample. Silicone has low 

electronegative effect considering the carbon; therefore, protons of the TMS are strongly shielded. 

Signals of these protons are accepted zero (reference). 

Protons of organic molecules usually absorb in the lower magnetic field on the left of signals of TMS. 

 

1.5  Chemical Shift 

It is measured by the ppm (ppm=parts per million) and determines as proportion of amount of 

slipping considering TMS signals (unit is Hz) to frequency of spectrometer (unit is MHz) 

It is called scale of delta (δ). Refer  to eq 1.11 

 

Figure 8 shows a basic table to determine the organic groups in the NMR spectrum[9]  
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If there are the more electronegative atoms, they cause higher slipping values by reducing the 

shielding. This effect decreases by increasing distance of proton. The amount of slipping increases by 

increasing count of the electronegative atoms. 

 

 

 

1.6  The Effect of Spin-Spin Coupling 

Magnetic field of different protons which are bounded to the neighbor carbon atoms could be on the 

same direction with external magnetic field or could be on the opposite direction with external 

magnetic field. If magnetic field of the neighbor proton and external magnetic field on the same 

direction (if they contribute each other), proton absorbs at the lower field. If magnetic field of 

neighbor proton and external magnetic field on the opposite direction (if they weaken each other), 

proton absorbs at the higher field. 

These two situations are probable, therefore the signal splits of two. 

 

 

 Figure 9 shows the splitting of the b proton signal because of the coupling to the a proton, peaks divided two for their 
spin’s direction  

 

 

1.7  N+1 Rule 

If a signal of proton is splitted by N same proton, this signal is splitted up N+1 pieces of peak. 
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                                          Figure 10 shows a basic table to determine the peaks for their count [10]  

 

 

 

 

1.8  Magnetic Coupling 

Equivalent protons don’t split their own signals. Protons which are bounded to same carbon atom 

don’t split their own signals (if they are equivalent). Protons which are bounded to neighbor carbons 

usually show a magnetic coupling. Protons which are separated by four or more connection usually 

don’t show coupling. 

 

1.9  Coupling Constant (J) 

The coupling constant, J, is the strength of the energy coupling between the spin distance between 

peaks of a multiplet. The unit of J is Hz; it depends on the distance(dipole-dipole),  between the 

spins. Signals of multiplet which have same coupling constant belong to protons which are bounded 

to neighbour carbon atoms and do split to signals of each other. 

The signals can be splitted with various coupling constants by different neighbour protons, it is called 

complex splitting. 

In generally, two protons which are bounded to same carbon atom are equivalent and they don’t 

split to signals of each other, it is called stereo chemical nonequivalence. 

 

    1.10 MRI 

Magnetic resonance imaging is a noninvasive technique and the word “nuclear” is not used.  At a 

known moment, protons which are stay in the same position could be state of the resonance. 
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Computers gather up pieces which are scanned and give a three dimensional spectrum. Tumors can 

be determined easily by using this method. 

 

 

                                                                   Figure 12 shows a MRI sample from human brain [11] 

 

 

 

2. Theoretical Part 

2.1 Single Spin in the Magnetic Field  

Nuclear magnetic resonance (NMR) is a phenomenon at which resonating behavior of nuclei with 

non-zero spin angular momentum Î and nuclear magnetic moment µ
* in external magnetic field 

occurs. The spin angular momentum is simply related to the nuclear magnetic moment as 

µ
* γћÎ      (2.1) 

where,  γ is called magnetogyric ratio and ћ is the reduced Planck constant. 

When a nuclear spin is placed in an external static magnetic field, B0, the field interacts with the 

magnetic moment µ
*
. This interaction is called Zeeman interaction and it is described by Zeeman 

Hamiltonian. 

Ĥ0 -µ
*
.B0 -γћÎ.B0    (2.2) 

The static external magnetic field in NMR is always assumed to define the laboratory-frame z-axis. In 

this convention B0=(0,0,B0), which simplifies Eq 2.2 to 

Ĥ0 -µzB0 -γћÎzB0    (2.3) 
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where Iz is the z-component of the nuclear spin angular momentum. 

According to the solution of the Schrödinger equation with Hamiltonian 2.3, the energy of the spin 

splits to 2I+1 equidistant energy levels, called Zeeman multiplet. The energies one of the eigenvalues 

of Zeeman Hamiltonian. The eigen function of the Zeeman Hamiltonian is written |I,m>, where m is 

the projection quantum number on the z axis. The Schrödinger Equation can be written as 

Ĥ|Im>=Em|I,m> 

hence, 

Em=-γћB0m     (2.4) 

Em are the energies of the levels for particular magnetic quantum number m. The energy difference, 

∆E , of the level is 

∆E=|γ|ћB0     (2.5) 

 

                                  Figure 13 shows Zeeman multiplet for a nuclear spin quantum number I=3/2  [12] 

 

Different energy levels corresponds to the different orientation of the magnetic moment µ
* with 

respect to the external magnetic field B0. Figure 13 shows an example of Zeeman multiplet for I=3/2 

and γ>0 together with corresponding orientations of the magnetic moment. For I=1/2, the two 

energy levels would be present. (See   eq 1.1). [13] 

 

2.2 Bloch Equations 
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So far, only properties of single spin were considered . However, in NMR experiments, behavior of 

macroscopic samples of spins is important. A theoretical tool we need to use is that of an ensemble 

of spins-a large collection of identical and independent systems. For simplicity, we deal here with an 

ensemble of spin -1/2 particles, interacting with the magnetic field through Zeeman interaction but 

not interacting with each other. 

An ensemble of non-interacting nuclear spins at the thermal equilibrium can be represented by a 

magnetization vector-an ensemble averaged nuclear magnetic moment, M, oriented along the 

direction of external magnetic field. As we shall see later, the spins interact with each other, 

however, the simplification of non-interacting spins is reasonable approach of spin behavior in 

isotropic liquids at particular cases. 

The magnetization vector is a macroscopic quantity and its motion can be described using classical 

physics. To describe an NMR experiment, we need to consider the presence of a static magnetic field 

B0, as well as the time dependent magnetic field B1(t). 

A very simple model describing motion of magnetization vector in the magnetic field is described by 

Bloch Equations, which can be written in following form: 

 

                                                                     
   

  
= γ(M B)x - 

  

  
     (2.6) 

                                                 
   

  
= γ(M B)y - 

  

  
     (2.7) 

                                                  
   

  
= γ(M B)z - 

     

  
    (2.8) 

 

                                              

(

 
 

  

  
     

    
  

  
 

  
  

  )

 
 

    (2.9) 

 

B=(0,0,B0) 

 

                       |

      

      

      

|                                     (2.10) 
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                                              (MyBz-MzBy)ex                                                                   (2.11) 

                                              (MzBx-MxBz)ey                                                                  (2.12) 

                                                   (MxBy-MyBx)ez                                                                  (2.13) 

 

M(t)= Rx(α)M0 

 

 

                                     
 

  
[

  

  

  

]  [
   
          
         

] [
 
 
  

]                  (2.14) 

 

Bloch equations are phenomenological, i.e., they aim a simple description of the observed NMR 

phenomenon, without requirements of a strict derivation. Besides the coherent motion or precession 

around the effective fields, they take into consideration also the incoherent motion or nuclear spin 

relaxation. [14] 

Equation 2.8 describes the time variation of the longitudinal (along the external field) component of 

magnetization vector. The equation predicts the magnetization component along B0 to relax 

exponentially to its equilibrium value, M0. The time constant for that process is called spin-lattice or 

longitudinal relaxation time and is denoted T1. Equations 2.6 and 2.7 describe the motion of the 

transverse components of magnetization vector. The first part of the expression corresponds to the 

coherent motion of M in the rotating frame. The second part introduces the concept of the 

transverse, or spin-spin relaxation time, T2, describing the exponential decay of the xy-magnetization 

to its equilibrium value of zero.[15] 

 

 

 

 

Quantum mechanics does not require the system to be in a specific eigenstate of the Hamiltonian. 

The system can also exist in a superposition state, B1(t) with constant amplitude rotating with 

constant angular frequency w in xy-plane. The overall magnetic field in this situation will be  
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B=B1(i cos wzt+j sin wzt)+kB0   (2.15) 

where i,j,k are unit vectors in x,y,z directions. The Hamiltonian of the interaction between the 

magnetic field and the nuclear spin has a form 

Ĥ= Ĥ0+Ĥ1(t)    (2.16) 

where the first  term, Ĥ0, is given according to Equation 2.3 and the second term, Ĥ1, describing 

interaction with the applied radiation field B1(t), can be expressed as follows 

Ĥ1(t)=-µ
*
B1(t)  γћB1(Ix cos wzt+Iy sin wzt)  

  

 
γћ(     I-+ 

     I+) (2.17) 

Operators I+ and I-, so called raising and lowering operators, are defined as 

I±=Ix±iIy     (2.18) 

and by acting on eigenfunction of Iz operator lower or raise the value of magnetic quantum number 

m by one, respectively. 

Considering that B1<< B0, the influence of time-dependent operator H1(t) can be studied by means 

of the time-dependent perturbation theory. According to this theory, small perturbation can induce 

transitions between the stationary states of unperturbed system. The transition probability Pm’,m 

between the states characterized by quantum numbers m’ and m is directly proportional to the 

square root of the matrix element of the perturbation Hamiltonian  

Pm’,m~ |‹m’|H1|m›|
2
    (2.19) 

From the form of Hamiltonian 2.11 containing operators I+ and I-, it is obvious that the only non-zero 

matrix elements will be those with m
’
=m±1. The magnetic field B1 will therefore induce only 

transitions between the neighbouring energy levels of Zeeman multiplet. Due to the symmetry of the 

matrix elements ‹m’|H1|m›, transitions to the lower or higher energy level are equally probable. 

The transition induced by the field B1 is connected to the absorption or emission of an energy 

quantum ∆E.  We can introduce Larmor frequency w0 as  

w0=-γB0    (2.20) 

And then Equation 2.5 becomes  (refer to Eq  1.3, 1.5) 

∆E=ћw0    (2.21) 

This gives a condition for the frequency of magnetic field B1 necessary for induction of transition 

between the neighboring levels of Zeeman multiplet by this field.[16] 

 

 

2.3 Spin Relaxation 

We express why the component of the magnetization vector in the xy-plane shrinks with two reason. 

They shows that the nuclear spins are not in thermal equilibrium with their surroundings (for then M 
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lies parallel to z). The return to equilibrium is the processed called spin relaxation. (Refer to Eqs . 2.6-

2.8) 

 

 

 

2.3.1 Longitudinal and transverse Relaxation 

All spins have a Boltzmann distribution at the thermal equilibrium which with more α spins than β 

spins; however, a magnetization vector in the xy-plane immediately after a 90o pulse has equal 

numbers of α and β spins. 

The effect of a 180o pulse which may be visualized in the rotating frame as a flip of the net 

magnetization vector from one direction along the z-axis to the opposite direction. That is, the 180o 

pulse leads to population inversion of the spin system, which now has more β spins than α spins. 

After the pulse, the population revert to their thermal equilibrium values exponentially. As they do 

so, the z-component of magnetization reverts to its equilibrium value M0 with a time constant called 

the longitudinal relaxation time, T1: (Refer to Eq.2.8) 

                                                    Mz(t)-M0 ∝   
             (2.22)  

Because this relaxation process involves giving up energy to the surroundings (the ‘lattice’) as β spins 

revert to α spins, the time constant T1 is also called the spin-lattice relaxation time. Local magnetic 

field creates the spin-lattice relaxation and fluctuate at a frequency close to the resonance frequency 

of the α β transition. If molecular tumbling is too slow or too fast compared to the resonance 

frequency, it will cause a fluctuating magnetic field with a frequency that is either too low or too high 

to stimulate a spin change from β to α, so T1 will be long. If the molecule tumbles at about resonance 

frequency, the fluctuating magnetic field be able to induce spin changes effectively, and only then 

will T1 be short. 

The rate of molecular tumbling increases with temperature and with reducing viscosity of the 

solvent. 

A second aspect of spin relaxation is the spreading of the spins in the xy-plane if they precess at 

different rates. When all the spins are bunched together immediately after 90o pulse, the 

magnetization vector is large. However, this orderly bunching of spins is not at equilibrium and, even 

if there were no spin-lattice relaxation, we would expect the individual spins to spread out until they 

were uniformly distributed with all possible angles around the z-axis. The component of 

magnetization vector in the plane would be zero at the stage. The randomization of the spin 

directions occurs exponentially with a time constant called the transverse relaxation time, T2: (refer 

to eqs 2.6 and 2.7) 

My(t) ∝   
     

                                                     (2.23) 

T2 is also known as the spin-spin relaxation time, because relaxation involves the relative orientation 

of the spins. Any relaxation process will also contribute to this randomization by changing the 
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balance between α and β spins, so time constant T2 is almost always less than or equal to T1. Local 

magnetic fields also affect spin-spin relaxation. When the fluctuations are slow each molecule lingers 

in its local magnetic environment and the spin orientations randomize quickly around the applied 

field direction. If the molecules move rapidly from one magnetic environment to another, the effects 

of differences in local magnetic field average to zero: individual spins don’t precess at very different  

rates, they can remain bunched for longer, and spin-spin relaxation does not take place as quickly. In 

other words, slow molecular motion corresponds to short T2 and fast motion corresponds to long T2. 

Calculations show that, when the motion is fast, T2≈T1. If the y-component of magnetization decays 

with a time constant T2, the spectral line is broadened, and its width at half-height becomes  

∆ν1/2=
 

   
                                         (2.24) 

Typical values of T2 in proton NMR are of the order of seconds, so linewidths of 0,1 Hz can be 

anticipated, in broad agreement with observation. 

So far we have assumed that the equipment, and in particular the magnet, is perfect, and that the 

differences in Larmor frequencies arise solely from interactions within the sample. In practice, the 

magnet is not perfect, and the field is different at different locations in the sample. In practice, the 

magnet is not perfect, and the field is different at locations in the sample. The inhomogeneity 

broadens the resonance, and in most cases this inhomogeneous broadening dominates the 

broadenind we have discussed so far. It is common to express the extent of inhomogeneous 

broadening in terms of an effective transverse relaxation time, T2
*,  

T2
*
= 

 

      
     (2.25) 

where  ∆ν1/2 is the observed width at half-height of a line with a Lorenztian shape of the form 

I∝1/(1+ν2
). [17] 

 

2.4 Conformational Conversion and Exchange 

Processes 

When magnetic nuclei jump rapidly between two environments, the appearance of an NMR 

spectrum is changed. Consider N,N-dimethylformamide, that can jump between conformations, in its 

case, the methyl shifts depend on whether they are cis or trans to the carbonyl group. If the jumping 

rate is low, the spectrum shows two sets of lines, one each from molecules in each conformation. If 

the interconversion is fast, the spectrum shows a single line which then includes two chemical shifts. 

At intermediate inversion rates, the line is very broad. This maximum broadening occurs when the 

life time,   of a conformation gives rise to a linewidth that is comparable to the difference of 

resonance frequencies, δν, and both broadered lines blend together into a very broad line. 

Calescence of the two lines occurs when 

      = 
√ 

   
     (2.26) 
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                                       Figure 14 shows molecules change from one conformation to another[18] 

 

The loss of fine structure in solvents can be explained by exchange protons with the sample. For 

example, hydroxyl protons are able to exchange with water protons. When this chemical exchange 

occurs, a molecule ROH with an α-spin proton (it can be written as ROHα) rapidly converts to ROHβ 

and than perhaps to ROHα again. Because the protons are provided by the solvent molecules in 

successive exchanges have random spin orientations. Therefore, we see a spectrum that shows no 

splitting caused by coupling of the OH proton. The effect is observed when the lifetime of a molecule 

due to this chemical exchange is so short that the lifetime broadening is greater than the doublet 

splitting. Because this splitting is very small (a few hertz), a proton must remain attached to the same 

molecule for longer than about 0,1 s for the splitting to the observable. In water, the exchange rate is 

much faster than, hence, alcohols don’t show splitting from the OH protons. In dry 

dimethylsulfoxide(DMSO), the exchange rate may be slow enough for the observable splitting.[19] 

The NMR signals of chemically exchanging systems are described by the Bloch-McConnell Equations. 

If a sufficiently versatile dataset is available, all the relevant NMR parameters of a chemically 

exchanging system can be determined simultaneously using the general solution of these equation. 

However, because of limited experimental information approximate solutions of the Bloch-

McConnell equations are often used to obtain information about systems of biological interest, the 

specific form of the equations being dependent on the system under investigation, the applied 

experimental conditions, and the type of data available, in the case of a limited dataset, approximate 

solutions of the equations may be used incorrectly and can, therefore, result in erroneous estimates 

of the parameters. Moreover, the available dataset may be analyzed using non-optimal 

computational procedures. [20] 

A                B 

H2O                  H-O-CH2-CH3    

In water-ethanol mixture, proton in the -OH group of ethanol and water arise chemically exchange. 

Bloch-McConnell equation can be written as; 
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]    (2.26) 

This is equation for B molecule, it can be written same formula for A as well, 
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]   [

        
       
       

] [

  

  

  

]A                         (2.27) 

 

λPA 

A                B 

 

Where PA and PB  are the mole franctions of A and B and  PA+PB 1.0. 

 

 
 λ 

                                                                      
-1 λPB  and     

-1 λPA                                            (2.28) 

Then it becomes; 

                                                              
 

  
 

 

  
                                             (2.29) 
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3. Experimental Part 

3.1 General 

At normal conditions, ethanol is a liquid with density of 0,789 g/cm3 with boiling point of  391 K and 

freezing point of 159 K. Chemical formula of ethanol is CH3CH2OH and molecular weight is 46,07 

g.mol-1. 

Particularly low freezing and boiling temperatures of ethanol (in comparison with molecules of 

similar molecular weight) is a consequence of hydrogen bonds  connecting molecules of ethanol. 

Several molecules connected together with hydrogen bonds form a molecular cluster. Clusters are 

dynamic structures with varying size and very short life time.[21] 

All NMR experiments were carried out with Bruker DRX360 with resonance frequency for proton 

nuclei  360.13 MHz equipped with a 5mm broad band invers probe. Temperature was set 295.1 K. 

The 1H single pulse and inversion recovery experiment were acquired using a 90o pulse of about 9 𝛍s 

an the relaxation delays were set  14 seconds for ethanol sample, and 12 seconds  for whisky. 

 

 

 

3.2 Samples 

We have used three samples: whisky, whisky+DMSO-d6 and %99.5 ethanol. We mainly used the 

DMSO-d6 sample to lock and thus be able to get decent starting shim. DMSO-d6 is a very hygroscopic  

compound. Samples were prepared in 5mm NMR tubes. 

 

 

3.3 Measuring T1  

The longitudinal relaxation time T1 can be measured by the inversion recovery technique. The first 

step is to apply a 1800 pulse to the sample. A 180o pulse is achieved by applying the B 1 field for twice 

as long as for a 90o pulse, so the magnetization vector precesses through 180o and points in the z-

direction. No signal can be seen at this stage because there is no component of magnetization in the 

xy-plane (where the coil can detect it). The β spins begin to relax back into α spins, and the 

magnetization vector first shrinks exponentially, falling through zero to its thermal equilibrium value, 

Mz. After an interval  , a 90o pulse is applied that rotates the magnetization into the xy-plane, where 

it generates a FID (free induction decay) signal. The frequency-domain spectrum is then obtained by 

Fourier transformation. 
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The intensity of spectrum obtained in this way depends on the length of the magnetization vector 

that is rotated into xy-plane. The length of that vector changes exponentially as the interval between 

the two pulses is increased, so the intensity of the spectrum also changes exponentially with 

increasing  . We can therefore measure T1 by fitting an exponential curve to the series of spectra 

obtained with different values of  .[22] 

By measuring T1, our purpose is determine the slowest relaxating protons in the samples and set a 

relaxation delay which is about 5 times longer than observed T1. When we get this results, we will be 

sure that sample has fully relaxed. 

 

 

4. Results 

 

 

 

 

4.1 Mass Ratio and Volume Ratio of Samples 

The integrals of their peaks are proportional to the number of protons. Because we know the sample 

has fully relaxed anymore and thus the peak integrals represents the number of protons.  If we know 

formula of molecule and which peaks belong to which group, we can compare the molecules 

considering mass. At the same time we also consider chemical exchange. 

If we assume %99.5 ethanol sample is pure, we see –OH group integrates 1, because –OH group 

includes one proton. –CH2 group integrates nearly 2 because of the 2 protons and –CH3 integrates 3. 

When we consider ethanol sample as reference, we can calculate the ratio of mass of other mixture 

samples such as whisky we used. 
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1
H-NMR spectra of whisky sample 

 

1
H-NMR spectra of 99.5% ethanol sample 

 

In whisky sample –OH integrates 6.83, and we know it includes one proton from previous knowledge. 

Considering chemical exchange, other six protons come from water molecules (H2O) which is the 

main solvent in the whisky. Every water sample includes two protons, hence, in our peaks one proton 

comes from 1 ethanol molecule, six protons come from 3 water molecules. –CH2 and -CH3 groups 

integrate totally 4.98, when we divide them to number of protons, it gives the proportional value of 

one proton in ethanol.     
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It is the value for one proton, hence; 

6.83 0.996 5,834 protons comes from water molecule, and 

     

 
        

The molar ratio of water to ethanol is 2.917 

 

 

           :O:               H H  

   H              H      H-O-C-C-H 

                        H H   

                                             
(a)Water Molecule      (b)Ethanol Molecule 

 

To be sure we also shall check other groups of ethanol if there is another chemical exchange or not. 

-CH2  group integrates approximately 2 and –CH3 group integrates 3. We are sure all other protons on 

the peak of     –OH group come from water molecule. 

Every ethanol molecule mixes with three water molecules. 

 

Molar mass of water: 18,01 g.mol-1 

Molar mass ofethanol: 46,07 g.mol-1 

 

Total molar mass of sample: 2.917(18.01)+46.07=98.605 g.mol-1 

If 100 % of sample equal to 98.605 grams what is the rates of water and ethanol considering mass. 

 

% ethanol 
         

      
     72 

%water 
          

       
        

These are the mass ratio, we also should calculate volume ratio 

Volume (V) 
       

          
  and; 

Vwater 
      

 
           

Vtotal                   
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Vethanol 
     

    
          

 

Volume ratio; 

Ethanol % 
        

      
       

Water % 
         

      
        

 

4.2 Longitudinal Relaxation Time, T 1 

Here the spins are flipped to the 180° position, and sampled at different times until the spins are 

back in equilibrium. This will give a characteristic set of spectra, which can be used to accurately 

measure T1-Times for the sample. The delay τ is varied and the intensities in the spectra are plotted 

agains τ.[23] 

We have obtained relaxation times in the end. The most important results are for –CH2 groups 

because they are the slowest relaxing protons in this experiment. Figures show the relaxation of 

ethanol and whisky sample; 
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Relaxation of –CH2 group in ethanol 

Relaxation delay for ethanol is 14 seconds and T1 points 2.94 seconds, therefore 

Number of scan for ethanol  
  

    
      

This shows us that, we set the relaxation delay about 5 times longer than observed T1. It shows our 

sample has fully relaxed. 
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Relaxation of –CH2 group in whisky 

Relaxation delay for whisky 12 seconds and T1 points to 2.35 secons,therefore 

Number of scan  
  

    
      

 

 

 

4.3 Summary and Concluding Comment about the 

Experiment 

We have focused on inversion recovery and longitudinal relaxation time, T1, to measure quantitative 

NMR. Main goal is to quantify the alcohol content in a whisky and achieve this; neat ethanol was 

measured to assign the spectrum the ethanol spectrum, slowest T1 was measured and determined to 

get quantitative spectra and whisky was measured to be able to quantify the alcohol content. In the 

results; we have obtained slowest relaxing protons from –CH2 groups in the samples. They are; 2.94 

seconds for ethanol and 2.32 seconds for whisky. We can say also our samples are fully relaxed 
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because we set the relaxation delay about 5 times longer than observed T1. We have seen  that when 

the sample enough relaxed, we can determine chemical exchange between molecules, identify the 

molecules and calculate the ratios by volume or mass. 

 

 

5. Summary and Conclusions 

 

NMR, as theoretical depends on quantum mechanical physics, this technique has also transformed 

the practice of chemistry. There are two important tools for NMR; pendulums and oscillator. The 

conditionof strong effective coupling when the frequencies are identical is called resonance. Many 

nuclei have spin angular momentum and a proton has a spin quantum number I=1/2 and take two 

orientations named α and β. During the NMR experiments, there are specific NMR interactions such 

as magnetic shielding which causes chemical shift. Magnetic shielding is created by electrons which 

turn around the nucleus reduce the effect of external field.(See Eq. 1.6-1.7) Chemical shift is affected 

directly from environment.(See Eq. 1.9-1.10) Chemical shift is measured by the ppm unit. Depending 

on the spin direction, there are two possibilities; if spin’s direction and external magnetic field are on 

the same direction, it arises a contribution.If they are opposite to each other, they weaken each 

other. To create these interactions; spin angular momentum and nuclear magnetic moment must be 

in a external magnetic field.(See Eq. 2.1) When this field interacts with the magnetic moment, it is 

called Zeeman interactions.(See Eq. 2.2) In NMR experiments, behavior of macroscopic sample is 

important, but Zeeman interactions and Zeeman Hamiltonian expressions explains properties of 

single spin, therefore Bloch equations are required to explain macroscopic samples with the time 

dependent magnetic field B1(t). (See Eq. 2.6-2.7-2.8) Nuclear spins are not in thermal equilibrium 

with their surrounding. The return to equilibrium is processed called spin relaxation. All spins have a 

Boltzmann distribution at the thermal equilibrium with more α spins than β spins. When we assume 

180o pulse, it leads to population inversion of spin system (now has more β spins than α spins). After 

the pulse, the population revert to their thermal equilibrium exponentially with a time constant 

called longitudinal relaxation time,T1.(See Eq. 2.16) 

This project work, expresses the NMR interactions and it’s results, quantum mechanical descriptions 

of spin motions and relaxation with longitudinal and transverse axle. 
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