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Fisica. —■ On the fa r  infrared spectra of bacterial suspensions 00. 
Nota di M assimo C erdonio  e M arco S ampoli, presen ta ta0"0 dal 
Corrisp. G. C a r e r i.

RIASSUNTO. — Vengono discusse le possibilità delle attuali tecniche sperimentali nel 
campo della spettroscopia u ltra-in frarossa (FIR ) adoperata sulle soluzioni. Gli AA. danno 
dei risultati sperim entali sui ba tteri nella loro soluzione m adre e discutono sui limiti superiori 
che possono essere assegnati alla loro assorbenza «in vivo».

I. -  F IR  SPECTRA OF SOLUTION

The standard  procedure to get the F IR  absorption spectrum  of some 
m aterial dispersed in a host m aterial is to record a spectrum  of a dispersion, 
e.g. of bacteria, and a spectrum  of the host m aterial alone, e.g. the m other

solution; then the ratio  R (v ) =
IB(v) 
Is <* (**))

formed between the intensities tran s

m itted by the sample with the bacteria Ib (v) and by the background Is(v) ,  
th a t is the m other solution alone, in the same experim ental conditions. This 
will be done w ith some resolution A, typically A ~ 1 ~  s cm -1 , and with 
some uncertain ty  SR on R (v),  typically within a few parts in IO“ 3 -h i o ~ 2.

W e shall not discuss here the techniques needed to achieve the best 
perform ance for A and SR; a detailed discussion can be found in reference [1].

Let we consider here a solution and assume the thickness X of the sample 
and of the background to be the same; then we easily obtain for R( v )  the 
relation

(1) R ( v )  =  exp [— <tb (ocb —  Og)X]

where cB is the concentration of the solute and aB , are the absorbivities 
at the w avenum ber v respectively of the solute and of the solvent.

In the lim it of small concentration of the solute cB <4 1 and ag X & 1 
(this last figure is needed to get a reasonable transm ittance of the background) 
relations (1) can be w ritten

(2) R ( f - i  = . B (as - a B) X .

In practice it is difficult to set the experim ental conditions to be the 
same in recording the two spectra w ith an accuracy com parable with the 
error on R ( v )  due to instrum ental noise; so it is convenient to arb itrarily  
set R  (v) =  I at some v =  vQ where aB (vQ) =  ag (vQ); it follows th a t the

(*) W ork supported by CNR.
(**) Nella seduta del 18 giugno 1971.
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m easured q uan tity  is
AR(v) =  R ' ( v ) - i

where R '(v ) is the a rb itra rily  renorm alised value of R(v) .
From  these simple considerations we learn the following things:

0  in the given limits for cB and ocg X, if aB (v) is constant over the 
whole range of m easurem ents in v, which would be the case of a broad 
absorption band of the solute, no definite result can be given for aB (v).

ii) if aB (v) ag (v) on a bandw idth smaller than  th a t allowed, but 
larger than  the instrum ental resolution A, an absorption band in the solute 
can be resolved if  at least

(3) cB I aB —  ag I X >  SR

around some w avenum ber v.

in)  if <xB (v) 4= as (5) over a bandw idth ^  sm aller than  the resolu
tion A we easily obtain the corresponding condition

(4) - ~ c b \*b - * s \ X > 8R .

We see th a t in the practical case of ag X ^  1 and in the favourable case

— F if and cB are of the same order of m agnitude, as will be the case 
for dilute solutions, the upper lim it which can be given for ocB (v) is of the 
same order of the value of ag (v).

§ 2. -  Experimental details and results

W e report F IR  spectra of yeast and escherichia coli living in their m other 
solution in the spectral region between 10 cm -1 and 70 cm “ 1 where w ater is 
relatively more transparent. A  typical result is shown in fig, 1; at glance no 
noticeable difference could be seen in respect to the spectrum  of the m other 
solution alone. All the spectra were recorded and analized to give the ratio  
spectrum  with a commercial M ichelson interferom eter equipped with Fourier 
transform  facilities [ 1 ]. To elim inate w ater vapor bands the interferom eter 
was evacuated except the sam ple cell, which was m aintained in dried air. 
The samples were obtained reconcentrating a culture by  centrifugation and 
partia l redilutibn; a drop of the final product was pressed between two quartz 
windows 0.5 m m  thin , held ap art by 20 pm with a m ylar spacer; it was 
obtained a coverage C of the living m atter in respect to the m other solution
of C ----   of the area exposed to the F IR  beam. By visual observation
of the m obility of the bacteria just before and just after the recording of the 
spectra it was «checked th a t no appreciable fraction of them  had died during 
all the procedure.

The results are shown in fig. 2 and fig. 3; as can be seen, no significant 
structure or band over the instrum ental noise, which is m arked by the dashed
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Fig. I. -  T rasm ittance of yeast living in its m other solution; not corrected for
instrum ental background.

Fig. 2. -  Ratio spectrum of escherichia coli to its m other solution; dashed region 
m arks the instrum ental error.
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region, can be resolved in these spectra. In  the spectral regions outside th a t 
reported, because of the high absorbivity  of the m other solution (see fig. i), 
the noise grows rapidly and so no results can be given. From  the above 
results it can be concluded th a t no exceeding absorption above 3 % of the 
total can be ascribed to the living m atter present in the culture in the spectral 
region io  cm -1 to 70 cm -1 at a resolution of 5 cm -1 .

§ 3. -  D iscussion

To discuss the above negative results let us consider our suspension of 
bacteria as true solutions; this assum ption is justified by the fact th a t we 
expect the refractive index of the bacteria to be not so m uch different from 
th a t of the m other solution; so F IR  radiation will not be scattered away 
by the suspended particles but m ay indeed be absorbed by themselves.

The volume concentration cB of living m atter is given by the relation

where C is the coverage, ^  a characteristic thickness of the living cells and X 
is the thickness of the m other solution film: asC  <  0.3, x  ^  2 [im and 
X =  20 [J im , we get cB ^  3 %.

If  we assume th a t some characteristic band arise in the living cells as 
a whole as proposed by Frölich [2] from  our experim ental lim itations and 
relation (3) for SR ~  3 %, we get

I aS —  aB I X  <  1 •

Now an average figure for ocg , the absorbivity  of the m other solution, in the 
investigated frequency range is [3] ag ~  200 cm -1 so we get the following
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limits for the absorbivity  of our living cells as a whole

o <  ocB <  700 cm “ 1

in the spectral range between 10 cm “ 1 and 70 c m -1 at a resolution of 
5 cm -1 .

T hat is, due to experim ental lim itations no difference in the absorbivity  
of living cells in respect to th a t of the m other solution can be detected with 
an error sm aller than  3 5 0 %.

§ 4. -  Conclusions

From  the above discussion we can conclude th a t the absorbivity  of 
escherichia coli and yeast is not different, in the quoted limits, from the absor
bivity  of the m other solution; this excludes, w ith the quoted accuracy, the 
existence of any strong transversal absorption band due to living cells as 
a whole, in the region between 10 cm “ 1 and 70 cm “ 1; obviously this does 
not exclude the existence in this spectral region of strong longitudinal modes 
as recently proposed by Frölich [2].

I t should be noted th a t considerable im provem ents [4] can be m ade 
for this type of experim ent. By a proper choice of a liquid helium  cooled 
solid state detector, together with a careful optic design and using a com puter 
to analize the data, one can hope to achieve a resolution A ~  1 cm “ 1 and, 
at the same time, an experim ental error on the renorm alized ra tio  of the 
order SR ~  io~ 3; it is clear from the given formulae th a t the absorbivity  
aB (v) could be bracketed between more strict limits.

W e thank  Prof. G. Careri in suggesting this experim ent and for conti
nuous discussions; we are m ost grateful to Prof. Tonolo for his kind help in 
preparing and testing the samples and to Dr. G. Signorelli and V. M azzacurati 
for helpful discussions.
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