
Accurate spectra of diluted 
solutions 



Outline 

l  Detrending with solvent subtraction 

l  Classical vs Proposed method 

l  Examples 

l  Future: more than (just) preprocessing? 

l  (Anal. Chim. Acta, 955, 86-97, 2017) 



“Classical” subtraction 

l  Assumptions related to subtraction of averaged 
solvent spectrum: 

-  Negligible baseline shifting 
-  Normality 
-  Controlled environmental condition 
-  Sufficient band intensity 
are not entirely satisfied and obscure extraction of 
weak bands in diluted solutions, leaving SNR ratios 
essentially unchanged. 



Baseline variability 



Baseline variability 

l  Non-negligible (~10-4): 

l  Influences weaker 
bands more strongly 
(Regions 1&2: ~10-4). 

l  Insignificant for stronger 
bands (Regions 3&4:  
~10-3 -10-2). 



Normality 

ℎ= 𝑞/𝛥𝑇  

l  Shifting of consecutive spectra (non-linear heat 
transfer coefficient (h~1/T), right panel) skews 
Absorption densities (left panel) thus challenging 
normality & averaging of solvent spectra. 



Normality 

l  Absorbance range (@1412nm) for pure water at 
different temperatures approaches values typical for 
band intensities in subtracted spectra (~10-3-10-2). 



Proposed method 

l  Subtraction of the “closest” solvent spectrum 

l  Requirement: database of solvent spectra 

l  Solid samples? 



Examples (Glycine) 
l  1st row: “closest” solvent spectrum subtracted. 

l  2nd row: averaged solvent spectrum subtracted. 



Examples (Urea) 
l  1st row: “closest” solvent spectrum subtracted. 

l  2nd row: averaged solvent spectrum subtracted. 



Examples (NaCl) 
l  1st row: “closest” solvent spectrum subtracted. 

l  2nd row: averaged solvent spectrum subtracted. 



Examples (EtOH) 
l  1st row: “closest” solvent spectrum subtracted. 

l  2nd row: averaged solvent spectrum subtracted. 



Scaling & Peak shifting 



PCA (Loadings, Glycine @62mM) 
A: Raw 
spectra 

 

 

 

B: solvent 
(averaged)
subtracted 
spectra 

 

 

 

C: solvent 
(closest) 
subtracted 
spectra 

A: PC1 - averaged raw 
spectrum 
PC2 - solvent 
displacement 
PC3 - heat transfer 
(see next slide) 
PC4- solute excited 
bands 

 

B: PC1- averaged 
subtracted spectrum 
PC2-heat transfer 
PC3&4-solute excited 
bands 1&2 
 

 

C: PC1-4-solute 
excited bands 



PCA (Loadings, Glycine @62mM) 
PC3 - heat transfer: 
spectral pattern of PC3 
closely resembles 
mean centered spectra 
of temperature 
perturbed pure water 
spectra. 



Examples (Amino-acids, wavel.) 



Examples (Amino-acids, Abs.) 



Future 

l    chemometrics → chemometrics 

l  Splitting of variance: 

-  Chemical 
-  Correlated 

l  TotalRaw = SolventSC1 + (SoluteSCx) +SoluteSC2 
l  Outlier reduction/detection 

l  Spectral Components 




