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Abstract 

Functionalized dendrimers are a novel type of dendritic macromolecules that 

contain functionalized groups that do not take part in the dendrimer’s synthetic 

cycle. Focusing on the local dynamics of the functionalized dendrimers we study 

the NMR relaxation by considering the spin-lattice relaxation rate 1/T1 ) of the 1  

and 13  nuclei and the corresponding spectral density. The macromolecules are 

modeled in the framework that accounts for the local bending rigidity, which is of 

paramount importance for the NMR relaxation of dendritic structures. We show 

that  the  behavior  of  the  NMR  relaxation  of  the  functionalized  dendrimers  is  

qualitatively different from that of the standard dendrimers manifested through an 

additional maximum in /T1 ). The new theoretical picture has allowed us to 

analyze recent atomistic molecular dynamics simulations of carbosilane dendrimer 
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melts and to elucidate the differences in the high-frequency behavior of their spin-

lattice relaxation rates from the predictions of the standard dendrimer model. 
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I. Introduction 

Dendrimers represent a particular kind of macromolecules that have a series 

of advantageous features such as the presence of a large number of terminal 

groups, perfect symmetry, compactness, etc.1 These features are used in a variety 

of applications, for example, in delivery of drugs2 or dyes3 and in the synthesis of 

metal or magnetic nanoparticles.4 Possible benefits from the dendrimers’ properties 

for the improvement of the efficiency of solar cells,5 and of the viscosity properties 

of complex liquids,6 are actively investigated. 

The inner space of a dendrimer is actively used in many applications. This is 

related to their possibility to provide an inner space for encapsulated matter.1 One 

of the most important parameters of this feature is the adsorption/desorption time 

of the hosted matter, which depends on the local mobility of macromolecules.7 

Therefore  the  development  of  the  theory  of  dendrimers’  local  mobility  is  a  

fundamental question that is important for the enhancement of the technologies 

involving dendrimer macromolecules. 

NMR relaxation is perhaps one of the most effective methods for studying 

local dynamics in macromolecules.8,9 It provides access to the local reorientation 

mobility without perturbing the investigated system.10 It  turned  out  that  for  

dendrimers, as opposed to linear chains, traditional approaches, in which shorter 

spin-lattice relaxation times correspond to less mobile nuclei, are not appropriate 

for the analysis of the mobility of NMR active groups (see Ref.11 for details). 

Therefore this question has been investigated by means of theoretical-analytical,12–
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14 numerical,15–17 and experimental11,18–22 methods. Nowadays, the picture of 

dendrimer relaxation appears to be clarified in detail.23 It has been shown that the 

following three processes have the main contribution to the relaxation in 

dendrimers: (1) the local mobility of dendrimers' segments represented through 

spatially periodic modes, (2) the relaxation of dendrimers' branches as a whole, and 

(3) the overall dendrimer rotation. Process (1) comprises structurally periodic 

modes related to the inner oscillations that are characterized by short relaxation 

times building the so-called inner spectrum.24 On the contrary, the modes 

representing process (2) involve the synchronized movement of all the beads 

contained in the branch.13,25,26 Later in the text, we use the term “branch relaxation 

process” for designating process (2). Process (3) has not yet been captured by 

analytical theory, albeit the first steps towards overhauling this issue have been 

performed in recent work.27 Nevertheless, in the case of a dendrimer melt, this 

process is shifted towards very low frequencies, which has allowed the bridging of 

analytical theory and computer simulations.28 

In particular, it was shown that the bending rigidity plays a fundamental role 

in the NMR relaxation of dendrimers. Neglecting this aspect leads to the spurious 

result that the NMR relaxation of flexible dendrimers only depends on the local 

mobility of segments15 (i.e., only on process (1), which is independent of the 

location of the labeled segment in the macromolecule and of the size of 

macromolecule). On the contrary, for semiflexible dendrimers, the NMR relaxation 

rates of the labeled segments strongly depend on their remoteness from the 



5 
 

dendrimer’s periphery13 (i.e.,  on  process  (2)  related  to  the  relaxation  of  the  

dendrimer’s branch originating from the labeled segment). It is important to note 

that for other dynamical characteristics, such as mechanical relaxation, other 

aspects, such as restricted size fluctuations, could be important.29 The above-

mentioned results apply to the dendrimers with an ideal dendritic structure. 

However, the progress in the dendrimer synthesis has yielded novel dendritic 

structures (see e.g., Ref.30 for a review), among them pseudodendrimers31,32 and 

functionalized dendrimers.33–35 Unlike dendrimers, pseudodendrimers are not 

perfectly structured macromolecules and have irregularly distributed branching 

points and different length of the chains between two branching points.31,32 

 

Figure 1. Schematic drawing of an internally functionalized (a) and a standard (b) 

dendrimers, both of generation G = 3. The functional beads in (a) are depicted in 

red. Also, we indicate by m the shells of the dendrimers from periphery to core. 

In  this  work,  we  theoretically  investigate  the  NMR  relaxation  of  the  

functionalized dendrimers (Figure 1), in which additional segments at the 
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branching points appear. The first step towards a theoretical description of the 

dynamics of the functionalized dendrimers was done in work by Grimm and 

Dolgushev (GD).36 There, it was established that the presence of the functionalized 

segments leads to a new process (we will call it “GD-process” in the following), 

which does not exist for standard dendrimers. The GD-process comprises new 

asymmetric normal modes involving the motion of functionalized segments and 

branches that grow from the same branching point as the functionalized 

segments.36 These additional modes can significantly affect the characteristics of 

dynamics. For instance, remarkable effects are observed in the dielectric relaxation 

of the labeled segments originating the branches that are neighbors of the 

functionalized  segments.  In  this  context,  a  question  about  the  role  of  the  GD-

process for the NMR relaxation of the functionalized dendrimers arises. To answer 

it we consider the dynamics of the functionalized dendrimers focusing both on the 

models with and without bending rigidity; taking it into account turns out to be 

important for capturing the specificity of functionalized dendrimers.  
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Figure 2. Structure of a carbosilane dendrimer of the third generation. Note that a 

CH3 group is attached (red) to each Si-atom except the core.  

Furthermore, the present study provides also an explanation of the effects 

observed in the NMR relaxation in carbosilane dendrimers, studied recently in 

Ref.28, which could not be covered within the theory of standard dendrimers.13 

While the simulations of  Ref.28 show good agreement with standard theory in the 

low frequency region, at high frequencies it was observed that (i) the minimal time 

characterizing the mobility of terminal segments is around two times smaller than 

that of the inner segments; (ii) the amplitude of the maximum of the reduced spin-

lattice relaxation rate in the susceptibility representation [ /T1H] at high 

frequencies is considerably higher than predicted by the standard model. As we 

show in this work, the particularity of the structure of carbosilane dendrimers (that 

to each Si atom at the branching points (except the core) a CH3-group is attached, 

see Figure 2) makes their behavior at high frequencies close to that of 
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functionalized dendrimers. Thus, with this, we demonstrate that the NMR 

relaxation allows the capturing of dynamical features caused by fine particularities 

in the structure of macromolecules (related to their connectivity; for chemical 

details atomistic molecular dynamics simulations remain indispensable). Therefore 

the obtained theoretical results can inspire one to extend the NMR techniques used 

for standard dendrimers19 on functionalized dendrimers. Also these results can be 

considered as first steps towards the macromolecules with irregular branching.37  

The paper is structured as follows: In Sec. II we recall briefly the theoretical 

framework of Ref.38 within  which  we  study  in  Sec.  III  the  NMR  relaxation  of  

functionalized dendrimers. In Sec. III we also analyze the results of molecular 

dynamics simulations of carbosilane dendrimer melts. The paper is closed by the 

conclusions.  

II. Theoretical Methods 

The dynamics of dendrimers is modeled within the framework of 

semiflexible treelike polymers,38 where the polymer is represented by Gaussian 

segments (denoted by {da}). The segments have a zero mean ‹da› = 0 and the 

mean-square average length ‹|da|2› = l2. The semiflexibility is introduced through 

the segment-segment correlations: For two directly connected segments, one has 

‹da  db› = ± l2q, where q is the stiffness parameter and the plus sign is taken for a 

head-to-tail orientation of da and db and is minus otherwise. If the stiffness 

parameter q = 0, the polymer is fully flexible. Here, we consider standard flexible 

dendrimers (FD) and functionalized flexible dendrimers (FFD). For q   0 the 
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structures are semiflexible. Here we consider that for standard semiflexible 

dendrimers (SD) and functionalized semiflexible dendrimers (FSD) the values of q 

follow  the  choice  of  Ref.36, by taking q  = 0.32 for beads having four nearest 

neighbors and q  = 0.48 for beads having three nearest neighbors. With these 

ingredients one can construct the potential energy of the macromolecules and write 

down the corresponding set of Langevin equations for the motion of dendrimer’s 

beads located in {ri} in three-dimensional space (see Ref.38 for details): 

( ) + ( ) = ( )    (1) 

where  is the friction coefficient,  is the Boltzmann constant, T is the 

temperature, and ( ) is the white noise, ‹ ( )  ( )› =  6 ( ). 

Note that the combination of the above-mentioned parameters, = /(3 ), 

represents the characteristic relaxation time of an isolated segment (dimer).39 The 

matrix A =  ( ) encodes the architecture and semiflexibility of the dendrimers, 

whose general structure can be found elsewhere.38 Solving the set of Langevin 

equations (1) by the diagonalization of matrix A (i.e., by the normal mode 

transformation ( ) = ( ); see Ref.40 and Ref.36 for the modes of SD and 

of FSD, respectively), it is straightforward to consider the dynamics of the 

segments (say, da(t) = ( ) ( ) that directly connects two beads located at 

( ) and ( )). The corresponding segmental time-autocorrelation function (t) 

= ‹da(t)  da(0) ›/l2 is given by 

( ) = exp[ / ].    (2) 
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Here { } are the relaxation times related to the full set of distinct nonzero 

eigenvalues { } of the matrix A by = / . Furthermore,  are  the  

coefficients reflecting the contribution of the normal modes { ( )} to the ( ) 

function. Thus, the corresponding relaxation times { } play a different role 

depending on the location of the labeled segment da(t) in the dendrimer, as we 

illustrate in Figure 3. As can be inferred from the figure (and was shown in the 

analysis of the normal modes24–26,36,40), for standard dendrimers the relaxation 

processes are associated either with the inner relaxation (related to normal modes 

of the spatially periodic kind24,26,40) or the branch relaxation (related to normal 

modes of the spatially exponential kind24,26,40); for functionalized dendrimers the 

GD process (related to normal modes, in which the motion of a functionalized 

segment excites the neighboring branch36) also comes into play. Accounting for 

local  stiffness  (which  is  indispensible  for  a  correct  description  of  the  NMR  

relaxation of dendrimers13) leads to a significant suppression of the inner 

relaxation, whereas the GD process conserves its significance. 
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Figure 3. Normal modes' decay contributions  in ( ), Eq. (2), vs relaxation 

times { } for standard (a) flexible (FD), (b) semiflexible (SD) dendrimers and 

functionalized (c) flexible (FFD), (d) semiflexible (FSD) dendrimers of generation 

G = 7. For standard dendrimers the spectrum is split between the inner relaxation 

at short times and the branch relaxation at long times. For functionalized 

dendrimers an additional process of the GD relaxation appears. 

The function ( ) is fundamental for the determination of the spectral density,  

( ) = ( ) cos( )d  ,      (3) 

of the second Legendre polynomial ( ) that, for Gaussian {da}, is given by41  

( ) = 1 3 arctan , with = [ ( )]
( )

. (4) 
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The spectral density ( ) gives access to the reduced NMR spin-lattice relaxation 

rates of the 1H and 13C nuclei in the susceptibility representation,10,42 

= ( ) + 4 (2 )     (5) 

and  

= 6 ( + ) + ( ) + 3 ( ) ,   (6) 

respectively, where the angular resonance frequencies and  are related to 

each other through the gyromagnetic ratios and  by = 0.25.  

Note, that in experiments such as field-cycling 1H NMR,21,22 the [ /T1H] 

function includes both intra- and intermolecular mobility contributions. For 

instance, as established in Ref.21 by experimental studies of poly(propyleneimine) 

dendrimer melts, this function is determined by local dynamics at high frequencies, 

breathing modes (i.e., branch relaxation) at intermediate frequencies, and overall 

tumbling  (i.e.,  rotation  of  the  dendrimer  as  a  whole),  and  diffusion  at  low  

frequencies. The intermolecular processes have a significant contribution at low 

frequencies.21 Molecular dynamics simulations of poly(butilcarbosilane) dendrimer 

melts reached similar conclusions.28 However,  it  was  established  that  the  

contribution of rotation of the dendrimer as a whole to a segmental reorientation is 

smaller than 3%.28 Therefore, notwithstanding the fact that the theoretical model 

does not take into account the intermolecular contribution, it is suitable to capture 

the specificity of the functionalized dendrimers. Indeed, as we proceed to show in 
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Section III, their hallmark – the GD process – appears in the high-frequency 

region, where the intermolecular contribution to [ /T1H] is minimal. 

III. Results and Discussion 

A. Spectral Density 

The spectral density J( ),  in  Eq.  (3),  carries  information  about  the  NMR  

relaxation functions, as given by Eqs. (5)-(6).10 Therefore we start with a 

discussion of J( ) converted into the susceptibility representation,42,43 

 [J( )]= J( ),          (7) 

see Figure 4 for functionalized flexible (FFD) and semiflexible (FSD) dendrimers. 

The results are obtained through Eq. (3) by numerical integration (using the 

discrete-time Fourier transform method with fixed time step 10 ) for different 

segments of generation G = 3,…,7 dendrimers. The segments are numbered from 

the periphery by index m so that the terminal segments always have m = 0. Note 

that with m > 0 we denote the internal segments only (i.e., not the functionalized 

ones). In this case, as can be observed in Figure 4, the qualitative differences 

between FFD and FSD are very strong. Also, we stress that for all dendrimers the 

spectral densities are superimposed at constant m but different G,  except  for  the  

core segments (m = G – 1), to which no functionalized groups are connected. 

Therefore, the feature that the NMR rates of standard dendrimers are determined 

by  the  remoteness  of  the  labeled  segment  from  the  periphery13 remains valid for 

functionalized dendrimers. The exceptional case of m = G – 1 is related to the fact 
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that these segments seed the largest possible branch so that they do not have a 

neighboring segment belonging to a larger branch, whose relaxation is important to 

the segment of the mth shell. This feature was also observed for standard 

dendrimers and is more important for semiflexible macromolecules.13 
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Figure 4. Function [J( )], Eq. (7), for segments of flexible (a, b, c) and 

semiflexble (d, e, f) functionalized dendrimers (FFD and FSD, respectively). The 

dendrimers' generation is labeled by G. Note that the curves are superimposed for 

the segments having the same index m. Only the curves with m = G – 1 deviate 

from the others.  

Given the universality of the behavior of [J( )] at the same value of m, we focus in 

the following on the dendrimers at the highest generation G = 7, see Figure 5 for 

FFD and FSD. As can be inferred from the figure, there are strong differences in 

the behavior of the two systems. For FFD one can see two maxima for almost all 
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curves. The main maximum remains at the same frequency for different m,  as  in  

the case of the standard dendrimer.13 The second maximum observed at 10-1-10-3 

0 is shifted towards lower frequencies for higher values of m. At m = 1 and 2 this 

process leads to a broadening of the main maximum and for m  3 the second 

maximum is clearly resolved. The dominance of the high-frequency process 

resembles the behavior observed for standard flexible dendrimers (FD) in Refs.13–

15, and we note that the GD process is not explicitly observed for FFD. 
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Figure 5. Function [J( )], Eq. (7), for segments labeled by m for functionalized 

flexible (FFD) (a) and semiflexible (FSD) (b) dendrimers at generation G = 7. 

Turning now to the spectral density of FSD that are locally stiff, Figure 5(b), we 

observe that for m  3 two maxima with comparable heights clearly manifest. As 

for FFD, the low-frequency maximum is related to relaxation of the dendrimer’s 

branches  which  are  moving  as  a  whole.  Its  position  is  shifted  towards  low  

frequencies with growing m, given that the corresponding maximal relaxation time 

of the branch originating from the labeled segment grows exponentially with m. 

The position of the second maximum is practically independent of m (except for 
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m = 0), and is observed approximately at ( 0)/2. For m = 3 to 5 both its position 

and amplitude are conserved. Except in case of m = 0, the second maximum 

appears  due  to  the  GD  process,  which  is  the  hallmark  of  the  relaxation  of  

functionalized dendrimers.36 We note that this process does not exist for standard 

dendrimers, for which the second maximum is absent.13 For m = 2, [J( )] has one 

flat maximum, showing that the characteristic relaxation time of the branch as a 

whole originating from this segment, which approaches the GD process. For m = 1 

both processes are practically superimposed leading to a single maximum. Finally, 

the GD process is absent from [J( )] for m = 0, showing that the maximal 

relaxation  time  of  a  terminal  segment  is  smaller  than  that  of  the  GD process;  the  

modes excited by the functionalized groups do not contribute to the relaxation of 

the terminal segments.36  

At even higher frequencies (Figure 5(b)), of order 0 ~ 102, one can observe 

the contribution of the inner spectrum (see Figure 3) through a shoulder in [J( )], 

which weakly depends on the parameters m and G. An analogous effect has been 

observed for standard dendrimers. 13,14,23 The small amplitude of the almost absent 

maximum reflects the small contribution of the inner process (i.e., of the decays in 

Eq. (2) related to the inner relaxation times, see Figure 3), as was the case for SD, 

in contrast to FD.13 

For the sake of direct comparison between functionalized and standard 

dendrimers, we present [J( )] for both dendrimers in Figure 6. Part (a) concerns 

the flexible macromolecules (FD and FFD) and part (b) the semiflexible ones (SD 
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and FSD). In both cases, one can see that the position of the low-frequency 

maximum, related to the overall branch relaxation, is practically the same for 

functionalized and standard dendrimers. However, for flexible dendrimers (FD and 

FFD),  in  Figure  6(a),  the  amplitudes  are  quite  low;  for  them  the  peak  at  higher  

frequencies dominates. It is related to the inner spectrum, which for FFD is very 

close  to  the  GD  process  (see  Figure  3(c)).  On  the  contrary,  for  FSD  and  SD,  in  

Figure 6(b), the contribution of the inner spectrum is small and shifted to high 

frequencies, and appears as a small high-frequency shoulder at 0 ~ 102.  At  the  

same time, the relaxation times associated with the GD-process always remain 

between the two smallest branch relaxation times.36 This fact “releases” the GD 

process (especially for higher m), which then can be clearly observed for FSD: in 

the region of frequencies between 0.2 0 and 2 0 one can clearly see in 

Figure 6(b) the GD process for FSD (for m > 0), and its absence for SD. 
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Figure 6. Function [J( )], Eq. (7), for segments of standard flexible (FD) and 

functionalized flexible (FFD) (a) dendrimers and segments of standard 
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semiflexible (SD) and functionalized semiflexible (FSD) (b) dendrimers at 

generation G = 7 for different values of m.  

B. Spin-lattice NMR relaxations 

Here we consider the frequency-dependent spin-lattice relaxation rates 

/T1H] and [ /T1C] for 1H and 13C nuclei. These functions are determined based on 

the spectral density [J( )], Eqs. (5)-(6), and they are of experimental interest.10 In 

Figure 7 we present [ /T1H] and [ /T1C] for FFD and FSD at generation G = 7. As 

can be expected; these functions have a qualitatively similar behavior with [J( )] 

of Figure 5. The positions of the main maxima of [J( )], [ /T1H], and [ /T1C] for 

FFD are caracterized by the ratios Jmax / Hmax  0.63 and Jmax / Cmax  0.71, 

which are close to those defined by the one-process relaxation: Jmax / Hmax  0.62 

and Jmax / Cmax  0.79 (see, for instance, Ref.44 for 1H and Ref.45 for 13C). These 

weak differences can be traced back to the multi-process character of relaxation; 

here the function [ /T1C] turns out to be more sensitive to the presence of 

additional processes. Finally, we note that the [ /T1H]  and  [ /T1C] functions for 

FSD carry the behavior of the corresponding spectral density [J( )], as discussed 

in the previous subsection. 
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Figure 7. Reduced spin-lattice relaxation rates of 1H (a, c) and 13  (b, d) nuclei in 

the susceptibility representation for the segments (labeled by m) of functionalized 

flexible (FFD: a, b) and semiflexible (FSD: c, d) dendrimers at generation G = 7. 

C. Comparison with molecular dynamics simulations of carbosilane 

dendrimer melts 

This subsection will compare the rate functions [ /T1H] obtained in Ref.28 

using atomistic molecular dynamics (MD) simulations of carbosilane dendrimer 

melts (see the chemical structure of the dendrimer in Figure 2) and those of FSD 

obtained in this work. arbosilane dendrimers possess a significant degree of 

semiflexibility. This fact was supported by simulations28 and experimental46 
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results. It should be noted that the developed theory describes the intramolecular 

orientational mobility, which manifests in NMR relaxation inside an individual 

dendrimer, in both solutions and melts. However, the rotation of the dendrimer as a 

whole has a significant contribution for a dendrimer in a solvent at low 

frequencies.  In  the  case  of  dendrimer  melts,  the  contribution  of  this  process  is  

minor,28 which  allows  us  to  make  a  direct  comparison  between  theory  and  

simulations. The characteristic time unit 0 has been calibrated based on [ /T1H] of 

terminal segments (m = 0),16 whose relaxation is dominated by a single 

process.13,23,28 As can be observed in Figure 8, the results of theory and simulations 

are not only qualitatively similar but also quantitatively very close. Going from a 

terminal  segment towards the dendrimer’s  core (m > 0) one observes a separation 

of processes through the maximum splitting. In doing so, the position of the high-

frequency maximum practically does not change, as theoretically predicted by the 

GD process. At the same time the low-frequency maximum shifts towards lower 

frequencies with growing m,  due  to  the  overall  branch  relaxation.  Also,  it  is  

important to note that both in theory and simulations the amplitudes of both 

maxima are comparable. This fact deprives us of an explanation of the second 

maximum through the inner spectrum whose amplitude is much smaller in the SD 

model than that of the low-frequency maximum (see e.g. Ref.13).  Even if  one can 

speculate whether it is possible to tune the parameters (e.g., semiflexibility) in such 

a way that the amplitudes become comparable, such a hypothesis is rapidly 

rejected by looking at [ /T1H] of the terminal segments (m = 0). As one can see in 
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Figure 8, the position of its maximum is shifted towards high frequencies in 

comparison with that maximum for the inner segments, as predicted by the FSD 

theory and cannot be explained by the standard model:13 While  for  the  inner  

segments the high-frequency maximum is due to the GD process, the relaxation of 

the  terminal  segments  depends  on  the  relaxation  of  a  single  segment  whose  

characteristic time is smaller than that of the GD process36 but higher than that of 

the inner spectrum.  
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Figure 8. Frequency dependent reduced spin lattice relaxation rate in the 

susceptibility representation for individual segments (labeled by m) of dendrimers 

obtained from the theory of functionalized semiflexible dendrimers (FSD) and from 

atomistic molecular dynamics simulations28 of carbosilane dendrimer (CSD) melts. 

Thus, the differences between the behavior of NMR relaxation of a standard 

dendrimer according to the conclusions of Ref.13 and the results of the molecular 

dynamics simulations of carbosilane dendrimer melts28 can  be  explained  by  the  

fact that each Si-atom has a CH3 group attached to it (see Figure 2), rendering the 

carbosilane dendrimers similar to functionalized dendrimers. Summarizing, the 
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theory of FSD provides an explanation for the high-frequency behavior of NMR 

relaxation of carbosilane dendrimers. 

Conclusions 

Analytic approaches based on the viscoelastic models for polymers have 

recently demonstrated their effectiveness for the interpretation of the NMR 

relaxation of dendrimers, especially in case of melts.23,28 This work is devoted to 

the  theory  of  NMR  relaxation  of  a  novel  class  of  dendrimers  containing  

functionalized groups that do not take part in the dendrimer’s synthetic cycle.30,35 

As has been recently shown in Ref.36,  the  relaxation  spectrum  of  this  kind  of  

dendrimer contains a process, the GD process, which appears due to the 

functionalized groups that are not present for standard dendrimers. In this work, we 

have  shown  that  the  GD  process  is  a  hallmark  of  the  NMR  relaxation  of  

functionalized dendrimers. It leads to a significant maximum at high frequencies 

that does not depend on the topological position of the labeled segment. 

Exceptionally, for the terminal segments, the GD process does not play any role; as 

the total relaxation is dominated by the single-segment contribution. At low 

frequencies the functionalized dendrimers behave as the standard ones. The 

position of the low-frequency maximum depends on the topological remoteness of 

the labeled segment from the periphery. In order to see these results, the inclusion 

of the bending rigidity is indispensable. Otherwise, the NMR relaxation of labeled 

segments in a dendrimer becomes close to that of a single process relaxation, that 
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is independent of both the size of the dendrimer and the location of the labeled 

segment. 

The obtained theoretical results have been compared with those of the 

carbosilane dendrimer melts, recently obtained by atomistic molecular dynamics 

simulations.28 Not only a qualitative agreement but also even almost a quantitative 

one has been observed. Hereupon we could conclude that (i) the manifestation of 

the GD process in the NMR relaxation and its characteristic behavior is confirmed; 

(ii) the theory of functionalized dendrimers has provided an interpretation of the 

high-frequency behavior of the NMR relaxation of carbosilane dendrimer melts.  

We  expect  that  our  results  will  pave  the  way  to  a  theory  of  the  NMR  

relaxation behavior of the treelike polymers with irregularities in the branching. 

Also, the results show that NMR relaxation is a powerful tool for the investigation 

of the relationship between the structure and dynamics of dendrimers and related 

macromolecular compounds. 
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