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Fig. S1. Dependences of relaxation time(τ) vs. temperature (T) for different versions of coordinate 

axes for the Orbach (a-f) and Raman (g-l) mechanisms with the parameters presented on the 

graphs. 

  



 

View of the generalized Debye model in the Origin program. 

Part of the *.FDF file (Origin program) with the formula for approximating the dependence χ'(ν) 

by the generalized Debye model. 

 

[Fitting Parameters] 

Names = Hi_inf,dHi,Tau,Alpha 

 

 

[Independent Variables] 

v =  

 

 

[Dependent Variables] 

Hi1 =  

 

 

[Formula] 

Hi_inf+((dHi)*(1+(2*Pi*v*Tau)^(1-Alpha)*sin(0.5*Alpha*3.1416)))/(1+2*(2*Pi*v*Tau)^(1-

Alpha)*sin(0.5*Alpha*3.1416)+(2*Pi*v*Tau)^(2-2*Alpha)) 

  



Part of the *.FDF file (Origin program) with the formula for approximating the dependence χ''(ν) 

by the generalized Debye model. 

 

[Fitting Parameters] 

Names = dHi,Tau,Alpha 

 

 

[Independent Variables] 

v =  

 

 

[Dependent Variables] 

Hi2 =  

 

 

[Formula] 

((dHi)*(2*Pi*v*Tau)^(1-Alpha)*cos(0.5*Alpha*3.1416))/(1+2*(2*Pi*v*Tau)^(1-

Alpha)*sin(0.5*Alpha*3.1416)+(2*Pi*v*Tau)^(2-2*Alpha)) 

  



Table S1. An example of enumerating relaxation mechanisms when interpreting measurement 

data for a complex 1 - [NaGd(VO)2(cbdc)4(H2O)10]n, where cbdc - cyclobutane-1,1-dicarboxylic 

acid anion. [Bazhina E.S., Korlyukov A.A., Voronina J.K. et al. // Magnetochemistry. 2021. V. 7] 

 

Dependence of the relaxation time τ on the 

reciprocal temperature for complex 1 (H = 5 

kOe, T = 6‒32 K). 

 

Fit function, temperature range, and the 

best-fit parameters with uncertainties. 
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
 s

1/T, K
-1

Model Exp2PMod1

Equation y = a*exp(b*x)

Reduced 
Chi-Sqr

2.78137E-14

Adj. R-Square 0.99552

Value Standard Error

Tau a 2.08029E-6 2.13769E-7

Tau b 63.48191 3.03113

Model Exp2PMod1

Equation y = a*exp(b*x)

Reduced 
Chi-Sqr

2.23922E-9

Adj. R-Square 0.85927

Value Standard Error

Tau a 3.78995E-5 9.10872E-6

Tau b 12.3053 1.44468

 

Orbach 

τ = τ0∙exp(ΔE/kT) 

T = 28–32 K  

ΔE/k = 63±3 K 

τ0 = 2.1∙10-6 ±2∙10-7 s 

R2 = 0.99552 (blue line) 

 

T = 6-32 K 

ΔE/k = 12±1 K 

τ0 = 3.8∙10-5 ±9∙10-6 s 

R2 = 0.85927 (red line) 

Unsatisfactory fit 
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
 s

1/T, K
-1

Model
Orbach_QTM (
User)

Equation

1/(B1*(1+B3*H^
2)/(1+B2*H^2)+
(Tau0^(-1))*exp
(-1*Ukb*T1))

Reduced 
Chi-Sqr

2.60371E-11

Adj. R-Square 0.99836

Value Standard Error

Tau B1 2621.02875 37.15757

Tau B2 0 0

Tau B3 0 0

Tau Tau0 6.8364E-6 6.15388E-7

Tau Ukb 37.59495 1.04709

Tau H 5000 0

 

Orbach+ QTM 

τ-1 = τ0
-1∙exp(-ΔE/kT)+ B 

T = 6-32 K 

ΔE/k = 38±1 K 

τ0 = 6.8∙10-6 ±6∙10-7 s 

B= 2621± 37 s-1 

R2 = 0.99836 
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
 s

1/T, K
-1

Model Raman (User)

Equation
1/(C_raman/(T1
^n_raman))

Reduced 
Chi-Sqr

5.97521E-10

Adj. R-Square 0.96245

Value Standard Error

Tau C_raman 226.47689 44.48237

Tau n_Raman 1.45927 0.10224

 

Raman 

τ -1 = CRamanT
n_Raman 

T = 6-32 K 

CRaman= 226±44 s-1K-nRaman 

nRaman= 1.5±0.1 

R2 = 0.96245 
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 s

1/T, K
-1

Model
Raman_QTM (
User)

Equation

1/(B1*(1+B3*H^
2)/(1+B2*H^2)+
C_raman/(T1^n
_raman))

Reduced 
Chi-Sqr

5.87688E-11

Adj. R-Square 0.99631

Value Standard Error

Tau B1 2084.15507 112.10526

Tau B2 0 0

Tau B3 0 0

Tau C_raman 6.09865 2.41018

Tau n_raman 2.77537 0.15333

Tau H 5000 0

 

Raman+ QTM 

τ -1 = CRamanT
nRaman + B 

T = 6-32 K 

CRaman= 6±2 s-1K-nRaman 

nRaman= 2.8±0.2 

B = 2084±112 s-1 

R2 = 0.99631 
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 s

1/T, K
-1

Model
Raman_direct (
User)

Equation

1/(A_direct*(H^
n_direct)/T1+C
_raman/(T1^n_r
aman))

Reduced 
Chi-Sqr

2.13409E-10

Adj. R-Square 0.98659

Value Standard Error

Tau A_direct 7.75383E-13 3.59108E-14

Tau n_direct 4 0

Tau C_raman 0.09061 0.19987

Tau n_raman 4.03329 0.7757

Tau H 5000 0

 

Raman+Direct 

τ -1 = CRamanT
nRaman +AdirectTH4 

T = 6-32 K 

CRaman= 0.09±0.2 s-1K-nRaman 

nRaman= 4.0±0.8 

Adirect = 7.8∙10-13±4∙10-14 K-1Oe-4s-1 

R2 = 0.98659 

 

Unsatisfactory fit 
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Model
Orbach_Raman
 (User)

Equation

1/(C_raman/(T1
^n_raman)+(Ta
u0^(-1))*exp(-1*
Ukb*T1))

Reduced 
Chi-Sqr

2.35865E-11

Adj. R-Square 0.99852

Value Standard Error

Tau C_raman 1794.40491 395.44404

Tau n_raman 0.2362 0.13536

Tau Tau0 5.94328E-6 7.95187E-7

Tau Ukb 40.83832 2.43414

 

Orbach+Raman 

τ -1 = τ0
-1∙exp(-ΔE/kT)+CRamanT

nRaman 

T = 6-32 K 

ΔE/k = 41±2 K 

τ0 = 5.9∙10-6±8∙10-7 s 

CRaman= 1794±395 s-1K-nRaman 

nRaman= 0.2±0.1 

R2 = 0.99852 
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
 s

1/T, K
-1

Model
Orbach_direct (
User)

Equation

1/(A_direct*(H^
n_direct)/T1+(T
au0^(-1))*exp(-
1*Ukb*T1))

Reduced 
Chi-Sqr

1.32004E-10

Adj. R-Square 0.9917

Value Standard Error

Tau A_direct 8.00003E-13 1.63661E-14

Tau n_direct 4 0

Tau Tau0 3.03753E-6 1.53278E-6

Tau Ukb 60.06858 7.73518

Tau H 5000 0

 

Orbach+Direct 

τ -1 = τ0
-1∙exp(-ΔE/kT)+AdirectTH4 

T = 6-32 K 

ΔE/k = 60±8 K 

τ0 = 3∙10-6 ±2∙10-6 s 

Adirect = 8.0∙10-13±2∙10-14 K-1Oe-4s-1 

R2 = 0.9917 
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Model
Generalrelaxmec
ha (User)

Equation

1/(A_direct*(H^n
_direct)/T1+B1/(
1+B2*H^2)+C_ra
man/(T1^n_rama
n)+(Tau0^(-1))*e
xp(-1*Ukb*T1))

Reduced Chi-Sqr
2.31459E-11

Adj. R-Square 0.99855

Value Standard Error

Tau A_direct 2.02045E-13 1.08666E-13

Tau n_direct 4 0

Tau B1 1997.42838 343.98866

Tau B2 0 0

Tau C_raman 0 0

Tau n_raman 5 0

Tau Tau0 6.05867E-6 7.97789E-7

Tau Ukb 41.27149 2.62348

Tau H 5000 0

 

Orbach+Direct+QTM 

τ -1 = τ0
-1∙exp(-ΔE/kT)+B+AdirectTH4 

T = 6-32 K 

ΔE/k = 41±3 K 

τ0 = 6.1∙10-6 ±8∙10-7 s 

Adirect = 2∙10-13 ±1∙10-13 K-1Oe-4s-1 

B = 1997±344 

R2 = 0.99855 

 

Over-parametrization 
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 s

1/T, K
-1

Model
NoOrbachmech
 (User)

Equation

1/(A_direct*(H^
n_direct)/T1+B1
*(1+B3*H^2)/(1
+B2*H^2)+C_ra
man/(T1^n_ram
an))

Reduced 
Chi-Sqr

6.49341E-11

Adj. R-Square 0.99592

Value Standard Error

Tau A_direct 2.4485E-27 --

Tau n_direct 4 0

Tau B1 2131.30528 113.84247

Tau B2 0 0

Tau B3 0 0

Tau C_raman 5.03406 2.13935

Tau n_raman 2.85011 0.16541

Tau H 5000 0

 

Raman+Direct+QTM 

τ -1 = CRamanT
nRaman+B+AdirectTH4 

T = 6-32 K 

CRaman= 5±2 s-1K-nRaman 

nRaman= 2.9±0.2 

Adirect = 2∙10-27 K-1Oe-4s-1 

B = 2131±114 

R2 = 0.99592 

 

Unsuccessful fit 

 Orbach+Raman+Direct 

τ -1 = τ0
-1∙exp(-ΔE/kT)+CRamanT

nRaman 

+AdirectTH4 



0.0 0.1 0.2 0.3 0.4 0.5
10

-5

10
-4

H
DC

 = 5000 Oe

 

 


 s

1/T, K
-1

Model
Generalrelaxmec
ha (User)

Equation

1/(A_direct*(H^n
_direct)/T1+B1/(
1+B2*H^2)+C_ra
man/(T1^n_rama
n)+(Tau0^(-1))*e
xp(-1*Ukb*T1))

Reduced 
Chi-Sqr

1.57324E-10

Adj. R-Square 0.99011

Value Standard Error

Tau A_direct 8.049E-13 1.61442E-14

Tau n_direct 4 0

Tau B1 0 0

Tau B2 0 0

Tau C_raman 0 9.63872

Tau n_raman 1.85477 --

Tau Tau0 2.84868E-6 4.31388E-6

Tau Ukb 60.97912 14.71271

Tau H 5000 0

 

T = 6-32 K 

ΔE/k = 61±15 K 

τ0 = 3∙10-6 ±4∙10-6 s 

CRaman= 0±10 s-1K-nRaman 

nRaman= 1.9 

Adirect = 8.0∙10-13 ±2∙10-14 K-1Oe-4s-1 

R2 = 0.99011 

 

Over-parametrization 

Unsuccessful fit 
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
 s

1/T, K
-1

Model
Generalrelaxmech
a (User)

Equation

1/(A_direct*(H^n_d
irect)/T1+B1/(1+B
2*H^2)+C_raman/(
T1^n_raman)+(Ta
u0^(-1))*exp(-1*Uk
b*T1))

Reduced Chi-Sqr
1.72251E-11

Adj. R-Square 0.99892

Value Standard Error

Tau A_direct 0 0

Tau n_direct 4 0

Tau B1 2579.9348 44.62309

Tau B2 0 0

Tau C_raman 5.20771E-4 0.00782

Tau n_raman 5.14718 4.30174

Tau Tau0 8.93046E-6 2.56342E-6

Tau Ukb 35.14931 1.92157

Tau H 5000 0

 

Orbach+Raman+QTM 

τ -1 = τ0
-1∙exp(-ΔE/kT)+CRamanT

nRaman 

+B 

T = 6-32 K 

ΔE/k = 35±2 K 

τ0 = 9∙10-6 ±3∙10-6 s 

CRaman= 5∙10-4±8∙10-3 s-1K-nRaman 

nRaman= 5±4 

B = 2580±45 

R2 = 0.99892 

Over-parametrization 

 


