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Abstract

To investigate the lattice-related vibrational features and surface hydration of a
single nominal cerium-containing zinc ferrite powder, Fourier transform infrared
spectroscopy was used. The specimen was synthesized by an agueous precipitation
method and washed and thermally treated. There are annotations on the reported
transmittance spectrum at 3430, 2358, 1620, 1384 and 593 cm™', and one
additional annotation at 450 cm™ is shown at the lower frequency end of the
spectrum. The wide envelope near 3430 cm-1 and the feature close to 1620 cm-1
are both ascribable to the presence of hydrogen-bonded hydroxyl groups at the
powder surface and to molecular water. The strong 593 ¢cm-1 band is consistent
with the presence of metal-oxygen bonding that will be found in a ferrite material.
The 2358 cm-1 signal is tentatively identified as a carbon dioxide atmospheric
band and the 1384 cm-1 band is chemically non-specific and may be related to a
residual nitrate/carbonate band. The 450 cm™ annotation is tentative because it is
below the quoted acquisition limit of 500 cm™. Interpretation is limited to one
specimen and does not yield a substitution fraction, ratios of cation occupancy or
of the oxidation states. This leads to the identification of a hydrated oxide interface
and to the identification of possible vibrational assignments from the possible
questions on the composition and measurement. The results are used as a
qualitative basis for further studies of surface functionalization and any claims
made about sensor performance needs to be validated at the device level.
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1. Introduction

The surface hydration and lattice related vibrational features of a single nominal cerium containing zinc
ferrite powder were analysed using Fourier transform infrared spectroscopy. The sample was
synthesized by an aqueous precipitation route and thermal processing. On the reported transmittance
spectrum, there are annotations at 3430, 2358, 1620, 1384 and 593 cm-1 along with one at 450 cm-1
which appears at a lower frequency. The very broad envelope at 3430 cm™ and a feature near 1620 cm™
are indicative of hydroxyl groups and molecular water at the powder interface, presumably hydrogen
bonded. The sharp 593 cm-1 band is consistent with a metal-oxygen bond which can be found in a
ferrite-type material. The 2358 cm-1 band is potentially associated with atmospheric CO2, while the
1384 cm-1 band is chemically non-specific, and may contain residual nitrate and/or carbonate species.
The 450 cm™ annotation is provisional due to the lower acquisition limit of 500 cm™. A suFourier
transform infrared spectroscopy allows for direct examination of the vibrational features related to the
presence of oxide bonding and surface species with interpretation being limited to one specimen only,
and not involving cerium-induced spectral shifts. The low frequency part of the spectrum allows for the
detection of collective metal-oxygen vibrations, and the higher frequency sections may provide
information on water, hydroxyl groups and on the presence of any molecular species that remain in the
sample after the ferrite has been prepared. Waldron's experimental study put the relationship between
the infrared bands of the ferrite and the coordination environments of the metal ions [1]. The
information lattice responses have to be separated from absorptions that occur at surface or in the optical
path for a useful interpretation. This is significant if a few qualified bands are used for a much more

general materials claim.

The nominal host composition of Zinc ferrite is ZnFe:Oa. The ideal normal spinel arrangement is where
the zinc is in tetrahedral co-ordination and the iron in octahedral co-ordination. Cation redistribution can
be observed in real nanoscale preparations. Stewart and co-workers have demonstrated changes in the
local cation occupancy by experimental and simulated X-ray absorption spectra without loss of long
range spinel order [2]. Therefore, a recognized band position in the infrared should be regarded as proof
of a vibration environment not as a characterization of which element is present in each crystallographic

site.
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The question of structure is further complicated by the addition of cerium. The solution-growth studies
have focused on the formation of cerium substituted zinc ferrite [3] and the more recent atomic-
resolution studies have directly investigated cerium occupancy and host-cation redistribution in a
defined nanofiber system [4]. These studies prove that cerium incorporation is a possible material's
process. They also explain the difference between a preparation label and a measured local structure as
evidence. There is a physical explanation for structural perturbation due to differences in coordination-
dependent ionic size [5] but the actual cerium environment in an independently prepared powder is not

determined.

The surface hydration requires a special consideration since an oxide powder may re-equilibrate with
moisture following the drying and thermal treatment. Humidity response of zinc ferrite has been
demonstrated to be annealing dependent [6]. The number of surface hydroxyl groups and bulk hydroxyl
groups have been found to react differently upon thermal processing of iron oxyhydroxides from
infrared measurements as a function of temperature [7]. These examples illustrate how the study of
hydration can be considered as an interfacial property and not merely as a signature of the dopant. The
state observed in spectroscopy is dependent on the powder history and conditions under the

measurement.

Ferrites with Ce are useful for reference as far as vibrations. Kershi et al. studied the composition-
dependent metal-oxygen bands in a nickel-zinc ferrite system [8]. The results obtained cannot be
quantitatively transferred to zinc ferrite since the host composition and process is different. An extra
independent variable, Ce oxidation state, has been attained by cerium oxide materials and evaluated by
the reference controlled X-ray photoelectron spectroscopy and electron energy loss spectroscopy [9].
Ordinary powder FTIR cannot replace such element-sensitive analysis, but rather can contribute to a

chemical description.
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In the present study, the chemical environments of an intentional cerium-containing specimen of zinc
ferrite are thus considered by the narrow question of which environments are credibly represented in the
FTIR spectrum of this one specimen of ferrite. To describe the hydration and metal-oxygen bonding, to
re-evaluate species assignments and to set limits on a single-specimen analysis. Measured outcome is
not application context, it is potential application context in a biosensor interface. A biosensor must
consist of a biological recognition element and an appropriate transduction element [10] and a
characterized powder alone is not a biosensor.Using Fourier Transform Infra-Red Spectroscopy,
vibrational properties related to the surface hydration and lattice of a single powder nominally
containing cerium as a ferrite have been investigated. Aqueous precipitation process was used to prepare
the specimen and washed and thermally processed. The transmittance spectrum reported has labels at
3430, 2358, 1620, 1384 and 593 cm-1, and a label at 450 cm-1, which is a lower frequency. The broad
envelope at 3430 cm-1 (H-bonded hydroxyl) and the component at 1620 cm-1 (molecular water at the
powder surface) can be assigned to hydrogen bonded hydroxyl and to molecular water at the surface of
the powder. The intense 593 cm™ band is indicative of metal-oxygen bonding that is compatible with a
material that contains a ferrite. The 2358 cm-1 signal may be related to the presence of atmospheric
CO2, and the 1384 cm-1 signal is chemically non-specific and could be from the residual nitrate/
carbonate species. The 450 cm™ annotation is an estimated annotation as it is below the set acquisition
limit of 500 cm™. They need only be analysed in one specimen, and the spectra induced by cerium do
not lead to any shift; the suFourier transform infrared spectroscopy can be used to directly investigate
the vibrational features arising from the oxide bonding and the surface species. Ferrites, collective
metal-oxygen vibrations are characteristic of the low frequency region, while the high frequency regions
may be used to identify water, hydroxyl groups and remnant molecular species. The correlation of the IR
bands of ferrite with the coordination environment of metal ions [1] was the result of the experimental
work performed by Waldron. It is important that these lattice related responses are different from surface
and optical path absorptions. This is particularly important when there are only a few support bands that
are marked and many materials being claimed.

The nominal host composition of the zinc ferrite is ZnFe:Os. Ideal normal spinel has Zn in the
tetrahedron and Fe in the octahedron. In real nanoscale preparations, there is a possibility of cation
redistribution. Stewart and coworkers used experimental and simulated X-ray absorption spectra to show
that the local cation occupancy changed, but the long-range spinel order did not, in order to demonstrate
this [2]. So the fact that a known band position is seen does not in itself indicate the measurement of
which element in which crystallographic position but rather evidence of an environment in which the
vibrational frequency is seen.
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An extra structural question arises for the addition of cerium. The solution-growth studies have been
directed toward the growth of cerium substituted zinc ferrite [3] and recent studies at the atomic level
have directly examined cerium occupancy and host-cation redistribution in a well-defined nanofiber
system [4]. From these studies it is clear that incorporation of cerium is a potential materials process.
They also describe the difference between evidence of a preparation label and a measured local
structure. The coordination-dependent ionic size differences give a physical explanation for the fact that
there is a structural perturbation [5] but they do not tell us the structure of the cerium environment in an

independently prepared powder.

Surface hydration is useful to be treated separately; it can be re-equilibrated with moisture, after drying
and thermal treatment. The annealing dependent material zinc Ferrite has been demonstrated to have
humidity response [6]. Further, it has been shown that the surface OH and bulk OH can have different
behaviour upon thermal treatment of Fe oxyhydroxides through temperature resolved infrared
measurements [7]. The following examples give examples of how to view hydration as an interfacial
property and not each hydroxyl band as an unambiguous sign mark of the dopant. The state of the
powder upon a measurement of spectroscopy depends on the history of the powder and the measurement

conditions.

Useful vibrational context are related cerium containing ferrites. Kershi et al. studied the metal-oxygen
bands in a nickel-zinc ferrite system depending on its composition [8]. Due to the difference in host
composition and processing, the results are quantitative and cannot be applied to zinc ferrite. Another
independent variable that can be tested is the oxidation state of cerium, which has been studied using
reference X-ray photoelectron and electron energy-loss spectroscopy for the cerium oxide materials [9].
Ordinary powder FTIR can be used to make a contribution to a chemical description, but it cannot

supplant such element sensitive analysis.

The present study thus poses a deliberately limited question: which are the chemical environments
which can be taken to represent the FTIR spectrum of one nominal cerium-containing zinc ferrite
specimen? The goal is to provide molecular characterisation of hydration and metal-oxygen bonding, re-
evaluate ambiguous molecular assignments and establish the boundaries of a single-specimen
interpretation. The potential use in a biosensor interface is not a measured parameter. A biorecognition
element must have a corresponding transduction element to form a biosensor [10] and a powder alone is

not considered a biosensor.
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The occupancy fraction of the cations, or the ratio of cations to the cation:cation-oxidation-state ratio.
The analysis yields a description of the interface, and allows the differentiation between the composition
and measurement problem, as well as between the vibrations that are credible and those that are not. The
results shown here are used for qualitative considerations for further studies in surface functionalization

and any sensing-performance claim has to be verified independently on a device level.

The title Keywords are Cerium-containing zinc ferrite, FTIR spectroscopy, surface hydration, metal—

oxygen vibrations, qualitative band assignment, oxide interfaces.

Occupancy, substitution fraction, or cation / oxidation-state ratios. As a result, the description classifies
the interface as a hydrated oxide, and distinguishes between plausible vibrational interpretations and
ambiguous compositional and measurement issues. These results serve as a qualitative reference for
future surface-functionalization experiments and independent experimental device-level validation of

any sensing-performance claim is required.

Keywords: Cerium-containing zinc ferrite, FTIR spectroscopy, surface hydration, metal-oxygen

vibrations, qualitative band assignment, oxide interfaces
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2 Materials and methods

Specimen identity and preparation

The specimen is labelled Ce-ZFO, which refers to the preparation of zinc ferrite with cerium addition.
The preparation record is as follows: aqueous zinc and iron precursor solutions were prepared
separately, mixed for 4 h under magnetic stirring and added cerium precursor solution prior to the
precipitation [11]. The precipitate was centrifuged, washed with distilled water several times, dried, heat
treated, cooled and ground. This sequence doesn't indicate the identities of the precursors, quantities of

reagents or a pH for the precipitation that have not been determined in the experimental account.

Preparation and FTIR analysis of Ce-ZFO

1 Prepare aqueous precursor solutions

— — = Prepare zinc and iron solutions separately.
Prepare the cerium solution separately.

v

— 2 Mix and introduce cerium before precipitation

Stir the mixed zinc and iron solutions for 4 h.
Add the cerium solution before precipitation.

Ce solution

v

3 Collect and wash the precipitate

N
C=> =
. Collect the solid by centrifugation.
Wash repeatedly with distilled water.

L. —y
v
s ~
4 Drying thermal processing and grinding
—_— Dry and thermally treat the washed solid.
Cool and grind to obtain the powder.
= e
. —
A
s N

5 Obtain the powder and evaluate FTIR bands
Record transmittance against wavenumber.

Reported interval 4000-500 cm .
Interpret the labelled bands using Table 1.

Equipment drawings are schematic and do not specify instrument models.

Figure 1. Original pictorial workflow of the reported preparation and
FTIR evaluation of the single Ce-ZFO specimen [11]. Representative
equipment illustrates precursor preparation, mixing, cerium addition,
solid recovery, washing, thermal processing, grinding and spectral
analysis. Colours and apparatus geometries are schematic. The
thermal-processing stage refers to the unresolved schedules discussed
in the thermal-history description.
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The aqueous precursor solutions pass through a mixing and precipitation stage, are then centrifuged and washed
repeatedly to collect the solid product. The powder examined spectroscopically results from drying, thermal
processing, cooling and grinding. The last step is to connect this specimen with the transmittance spectrum and
the band inventory from Table 1. The process drawing is a summary of the reported operations without resolving
the separate thermal-history uncertainty [11]. Ce-ZFO is not a precise chemical formula, but a representation of a
nominal specimen. There is no numerical substitution fraction assigned since there is no measured elemental
composition to be determined. The data analyzed involve only one preparation of the cerium-containing zinc
ferrite, and no experimental control or a concentration series. Thus, the spectrum is indicative of the chemical

environment of this specimen and cannot deconvolute the effect of the addition of cerium.
Spectral presentation and band inventory

FTIR result is shown in %T vs wavenumber. The acquisition range of this reported data is 4000—500 cm™ while
the plotted axis extends below 500 cm™ and also has a note at 450 cm™ [11]. The time interval for the data
collection is not related to any time interval for plotting the data. In the given interval, there are five annotations,
but the low frequency one is not a definitive band level conclusion - it is there for traceability only. The
appearance of the plot does not specify any of the instrument model, sampling accessory, nominal resolution,
number of co-added scans and background timing.

Note that the position of the bands is written according to the existing figure annotations. They do not have peak
centres or have any assigned independent uncertainty. No smoothing or baseline reconstruction, or synthetic data
replacement are performed. The image does not contain any integrated intensity, full width at half maximum,
fitted component area or derivative spectrum. In-plot chemical labels are retained in the original figure, and

assigned in the present analysis as described separately in Table 1 and text.
Interpretation strategy

The evaluation of the spectrum in terms of specificity of the assignment is carried out as well as by the region of
the spectrum. The absorption due to hydroxyl and water-related features are treated together, the lattice-related
absorption is compared to the available ferrite spectroscopy, and the possible signal from the atmosphere or from
residuals is considered separately [1,7,8]. It is not an experimental control, but a comparison, when using
published materials. There are no statistics, concentration-response relationship or cerium induced peak shift
computed. Apparent band depth is also discussed qualitatively since optical loading, scattering and accessory

contact may also affect transmittance.
3 Results and discussion
Overall spectral features

The Ce-ZFO spectrum displays a broad depression in the high wavenumber region and some less or more

pronounced features at intermediate wavelengths and strong absorption in the lower wavenumber region. The
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most appropriate chemical description is the interface/hydrated interface and metal-oxygen bonding. The original

experimental image is shown in figure 2 and each annotation and its level of chemical specificity in table 1. This

inventory does not claim to be exhaustive, but only to represent those features which are marked.

Broad features should NOT be interpreted as being as specific as narrow features. A wide envelope can contain

several hydrogen-bonding environments, and a narrow feature can either result from a molecular species or be a

result of the imperfections of the background cancellation. The special spectral ranges provide complimentary

information. Their simultaneous appearance does not necessarily mean that an oxide powder used and submitted

to water and atmospheric gases is chemically compatible, nor that each of the features is intentionally added in the

synthesis process.

100
Cerium doped Zinc Ferrite
93 ~
~ 90 -
S
3
o 85 &
8
=
= S 1620
Z 80 2358 (H-O-H) 1384
= (C-0) (C-0) ,
-
e 593
} (Fe-0)
3430
70 - (O-H) -
(Zn-0)
65 1 1 1 1 1 1 5 1
4000 3500 3000 2500 2000 1500 1000 500

Wave Number (cm™)

Figure 2. Original FTIR spectrum of the single nominal Ce-ZFO specimen [11], reproduced without

altering the curve or annotations. Revised assignments appear in Table 1. The 450 cm™ label is

provisional because it falls below the stated scan limit. Element-specific in-plot labels do not establish

cation occupancy.
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Table 1. FTIR annotations and their interpretation for the single Ce-ZFO specimen. Positions are

reported plot labels, not fitted values.

Label Spectral

em-'  observation Interpretation Scope of assignment
Broad high- Hydrogen-bonded O-H .
3430 frequency stretching from hydroxyl groups Suppqrts hydration; does not
quantify surface OH
envelope and/or water
Relatively Possible atmospheric CO- Origin in sample or optical
2358 oo .
narrow feature contribution path is unresolved
Intermediate- H-O-H bending is a plausible Consistent with molecular
1620 L O _ . .
frequency band  principal contribution water; overlap is possible
1384 Residual-species Possible nitrate or carbonate Chemical identity and binding
region contribution geometry are unresolved

Collective metal-oxygen
Pronounced low- Y9

593 vibration compatible with ferrite
frequency band

Does not identify cerium
occupancy or phase purity

bonding
450 Low-frequency  Possible additional metal- Provisional; below the stated
edge annotation  oxygen response scan limit

Hydroxyl stretching and interfacial water

The peak marked 3430 cm-1 is typical for O-H in a hydrogen bonded environment. The width is more
descriptive than just the quoted position of the integer, because a distribution of interactions can make
for an expanded envelope to the absorption rather than a well-resolved local oscillator. All of these may
contribute — surface hydroxyl groups, adsorbed molecular water and water from sample preparation.
This band supports the existence of an OH containing environment, but does not distinguish between the
relative contributions of these environments.

This is the 1620 cm-1 feature, which is another observation that is consistent with hydration, as it is in
the range usually characteristic of bending of molecular water. If the two regions are regarded together,
the interpretation in terms of the hydrated interfaces is further reinforced. The combined response is still
not suitable to be compared to a hydroxyl-site density or a defined surface termination. Work done as a
function of temperature shows that different hydroxyl populations have different desorption and
dehydroxylation behavior with iron oxyhydroxides [7]. This mechanistic distinction encourages follow
up measurements that are controlled, but not the identification of those populations separately in Ce-
ZFO.

Hydration can occur after a powder comes out of a furnace. The observed water-related features
therefore do not provide the evidence for incomplete thermal treatment and cannot help to clarify the

pg. 166



KIMR VOL.03 NO. 01 (2026) FTIR CHARACTERIZATION OF SURFACE HYDRATION

conflicting descriptions of processing. A better experiment to do would be a controlled drying and re-
equilibration experiment, taking spectra before drying and after the drying, which was carefully
documented, and then taking spectra after re-equilibration with a known humidity. These measurements
would be made on the same specimen and would not need to be related to an unrelated material for use
as an experimental reference.

If the molecule is to be used in an aqueous environment, then the hydrated surface is of relevance since
water is involved in the interface experienced by any adsorbed molecule. The present observation argues
the case for studying behaviour, persistence and pH dependency of surface chemistry during washing, as
well as dispersibility. Does not induce colloidal stability, specific receptor or surface charge
immobilization. Each of these properties needs to be measured separately. The humidity response of
zinc ferrite is another example of the impact of surface water interactions that is processing-dependent
and known to Nitika et al. [6].

Low frequency metal oxygen bonding

The intense band at 593 cm™ is characteristic of the collective metal-oxygen vibration in a framework
containing ferrite. According to conventional ferrite spectroscopy, a higher-frequency group consists of
100% tetrahedrally coordinated centers, while a lower-frequency group consists of 100% octahedrally
coordinated centers [1]. The following descriptions refer to coupled lattice motions. These should not be
taken to mean an elemental map where the occurrence of the observed minimum corresponds to one
type of metal-oxygen bond. The feature at 593 cm™ in Ce-ZFO is associated with oxide-framework
bonding, but the identity and occupancy of individual cations are still questions.

According to the original figure this feature is labeled Fe—O. The following annotation is chemically
plausible and more specific than the spectrum alone suggests. Local cation exchange is possible for zinc
ferrite [2] and a change of the local coordination can change a vibrational response without creating a
new elemental band. The more general metal-oxygen assignment is therefore used in the present
analysis. It does not require the single labelled minimum to infer the normal or inverse spinel fraction,
numerical bond length or a site specific force constant.

The 450 cm™! label calls for a 2nd measurement check. It is below the lower acquisition limit and the
plot is getting close to the right-hand boundary in this area. It is not a simple rule to equate a displayed
edge feature with a well-resolved absorption band with a measurable baseline on both sides. This is only
confirmed with an acquisition that proves that the relevant region is acquired as well as appropriate
accessory transmission together with background behavior. All of the above will not be possible until
this is determined, and the annotation cannot be used to prove a complete two-band ferrite pattern, or a
distinct Zn—O vibration.

Metal-oxygen bands of related cerium-containing nickel-zinc ferrites occur in more or less similar
regions of the spectrum, and the position of the bands is related to their composition and preparation [8].
This gives a class level compared to, but not a numeric reference for, Ce-ZFO. But if one is a match to
one literature position, it would not be equivalent and if it would not be a match at all, it would not be a
uniquely identifying substitution. The important result is that the bonding is acceptable for the dominant
low frequency response, which is of the ferrite type. If compositional, phase and local-coordination
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evidence is not detected in the current measurement, it is underdetermined in terms of its detailed
structural origin.

The low frequency interpretation is illustrated in Figure 3 by the coordination distinction. The optimum
normal spinel host is such that Zn** is located in the 4 oxygen tetrahedral sites and Fe** is located in the
6 oxygen octahedral sites. The motif of cerium is the same one used to show the octahedral substitution
observed by atomic-resolved microscopy and elemental mapping of the nanofibres studied by Zeng and
co-workers [4]. The ideal motifs can be used as a reference, but not as a description for every
preparation, because of the cation redistribution that occurs in the nanoscale zinc ferrite [2]. The
drawing illustrates the reason for a collective metal-oxygen band being unable to be used alone to
determine the cerium site in the present powder. It is still possible to have surface-associated cerium and
an easily identified cerium-containing phase as alternatives to lattice incorporation, as discussed below.

(a) Ideal normal-spinel host (b) Literature Ce site

Tetrahedral A site Octahedral B site Octahedral substitution
Four oxygen neighbours Six oxygen neighbours Observed in nanofibres [4]

Local coordination motifs are schematic and are not drawn to scale.

The Ce location and cation distribution in Ce-ZFO remain unresolved.

Figure 3. Original schematic of (a) ideal tetrahedral Zn** and octahedral Fe** coordination in normal zinc ferrite
and (b) the octahedral Ce** motif reported for a published nanofibre system [2,4]. Red spheres represent oxygen
neighbours. Polyhedra show local coordination only, with no quantitative bond lengths or occupancy fractions.
The cerium motif is not an experimentally determined structure of the present specimen.

Assessment of the carbon dioxide region

The peak at 2358 cm™ is not a C—-O stretch peak, but rather a peak characteristic of gaseous CO.. The
strong asymmetric stretching response of CO: is located in this spectral region, as noted by the NIST
gas-phase reference spectrum [12]. If the background and sample contain different amounts of CO-, then
a residue feature will be seen in the transmittance spectrum. The apparent location suggests that the
contribution from the atmosphere may be a viable explanation, but cannot be confirmed from the image.

The background-related feature has altogether different implications as compared to a sample-associated
species. The former is in reference to the ‘optical environment’ and the latter an interaction with the
specimen. Their separation should be done using a new background, repeated purification and
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acquisition. The shape of the line of the raw spectrum would also be useful for analysis. The label
remains in the band inventory, but not to make carbon functionalization, the formation of carbonaceous
support and infer a new coordination environment for cerium. There is no one interpretation from this
absorption alone.

Residual molecular species

The feature at the wavenumber 1384 cm-1 is not unique enough to permit the assignment to a specific
molecule. This may be a possible explanation in an oxide preparation process which has nitrate
precursors in the feed but before applying this to this sample, the type of precursors should be identified.
Alternatively, surface species with carbonate are available. These are only interpretations of the
candidates, not identified products. From the generic C-O label in the original figure it is not therefore
possible to conclude that there is an organic coating, or that the carbon-containing ligand has been
intentionally added.

FTIR and computational studies of the nitrates at ceria surfaces reveal that the coordination assignments
can rely on a set of vibrations and may require further experiments to differentiate between competing
geometries [13] That finding reinforces the need to take precaution in the case of a single band. A
realistic nitrate or carbonate assignment would be to consider companion bands, chemical provenance
and the effect of controlled washing or thermal treatment. The single Ce-ZFO spectrum is not able to
differentiate between free residual salt and an adsorbed species, and it does not provide any indication of
whether the species preferentially interacts with the cerium containing regions.

Residual species

though not necessarily in the main focus of a research project, may be important to the surface
chemistry involved in subsequent projects. A surface ion that stays at the surface can have an effect on
adsorption or compete with the addition of an adsorbed functional molecule. An unimportant
atmospheric source or preparation source may, however, become unimportant in the course of control
handling. There are many bands in the 1384 cm-1 region identified, making this a good follow up target.
It is not a measure of the concentration of the residue, nor does it prove that a reaction which takes place
on the surface is an impurity-free reaction, nor does it rule out the possibility of having to reject one
surface reaction mechanism in favour of another.

The principal band assignments are shown to be linked to a conceptual powder interface in figure 4. The
contribution of hydrogen-bonded hydroxyl environments and that of molecular water could contribute to
the 3430 cm-1 envelope, while a contribution from molecular water near 1620 cm-1 is plausible and is
used to explain the 1625 cm-1 envelope.A contribution from molecular water near 1620 cm-1 is
reasonable and is used to explain the 1625 cm-1 envelope, while a contribution from hydrogen-bonded
hydroxyl environments could contribute to the 3430 cm-1 envelope. The motion of the metal-oxygen
network is shown separately, to differentiate from these molecular vibrations [1,7]. The symbol for the
carbon dioxide is drawn outside the oxide since the feature at 2358 cm-1 might be attributed to the
optical path [12]. The feature at 1384 cm-1 does not feature any nitrate or carbonate coordination
geometry; Additional experiments and companion bands are needed to distinguish the surface nitrate
structures [13]. The diagram does not therefore indicate surface coverage, but simply the potential
source of the band — with no identification of the remaining compound.
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(a) Hydration and lattice vibrations (b) Ambiguous features
3430 cm | 1620 cm |
O-H stretching Water bending

%@ %@ 2358 cm |

Possible optical-path CO,

593 cm !
M-0O motion 1384 Cm_I

Nitrate or carbonate?
! N ! Identity unresolved

Nominal Ce-ZFO oxide

M denotes a framework metal; dotted lines represent possible hydrogen bonding.

Figure 4. Original conceptual schematic relating the specimen annotations [11] to (a) possible interfacial
hydroxyl groups, adsorbed water and framework metal-oxygen motion and (b) a possible optical-path
CO: contribution and unresolved residual species. Dotted lines indicate possible hydrogen bonding; M
denotes a framework metal. The illustration follows the spectroscopic principles discussed in [1,7,12,13]
and is not a measured surface structure or a simulated spectrum.

Cerium chemistry and the limits of a single specimen

A wide FTIR description allows for several cerium environments. Cerium can be included in the host
lattice, be bound to particle interfaces, or be found in a separate phase of cerium. Neither the hydration
nor the metal-oxygen bands are unique and so do not distinguish among these possibilities. The atomic-
level observations by Zeng et al. prove that both octahedral Ce incorporation and host-cation
redistribution can take place during their preparation conditions [4]. They do not prove that the same
kind of arrangement is found in this nominal sample of Ce-ZFO.

The preparation label needs to be used separately from cerium valence. The substitution of Ce** for Fe**
is formally isovalent, and can occur without the creation of oxygen-vacancy by charge balance. Any
compensating defects must be related to the host, depending on the complete composition and electronic
structure of Ce*". The ratio of Ce*+/Ce*+ cannot be determined by the presence of an OH envelope or a
metal-oxygen band. The reference controlled analysis developed by Sims and co-workers is an example
of how much element-specific information is required for an oxidation-state determination [9].

The absolute position of one band does not provide any dopant effect. To demonstrate such an effect
would necessitate a justified reference state and measurements which differentiated between
composition and processing and hydration. Published results are able to support a plausible structural
explanation but are not able to provide a missing difference in experiment for the present specimen.
Thus the scope of the result is limited to a qualitative chemical description of one nominal cerium-
containing powder, without any numerical claims regarding the substitution efficiency, the concentration
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of vacancies, the nature of the cerium bonding or the optimized concentration of dopant.
4. Relationship to Literature based experimental studies.

There are two types of context mentioned in the literature. The general vibrational framework is given
by the studies of ferrite, and the evidence added for a more specific assignment is shown in the studies
of the surfaces and cerium. These relationships are summarised in Table 2. The comparison is between
the type of conclusion that is supported by each study, not about a ranking of the materials or a
composite comparison of band positions. The performance comparison with Ce-ZFO is not quantitative,
due to the difference in the composition of the host and the difference in thermal history and
measurement conditions.

Table 2. Experimental works chosen and their connection to the Ce-ZFO interpretation. These studies
are not new items in the current data set of specimens, they are only contextual studies.

Material or measurement

Study focus

Relevance to this interpretation

Waldron [1] Infrared spectra of ferrites Establishes the lattice-vibration framework for metal—
oxygen bands

Stewart et al. [2] Local cation arrangement in Shows why a band position does not uniquely

nanoscale zinc ferrite determine site occupancy
Kuai and Nan Formation of cerium- Provides synthesis-related precedent without
[3] substituted zinc ferrite establishing the present composition

Zeng et al. [4] Atomic-level cerium and host- Demonstrates a mechanism that requires direct local-

cation occupancy structure evidence
. Annealing-dependent zinc Identifies processing as relevant to water interaction
Nitika et al. [6] . L .
ferrite humidity response and functional response
Mihaylov etal.  Surface nitrate infrared Supports evaluating companion bands before assigning
[13] assignments on ceria a binding geometry

The practical implication of these comparisons is to make each assignment answer a defined chemical question.
The high-frequency envelope addresses hydration, the 593 cm™ response addresses metal-oxygen bonding, and
the intermediate-frequency signals raise questions about atmospheric and residual species. These observations
should not be combined into a stronger structural claim than any of them can support. A qualitative spectrum
remains useful when its chemical conclusions are expressed at the appropriate level and its unresolved alternatives

are carried into the next experiment.
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5 Implications for interface development

The rational choice of a surface for the study of an aqueous interface is the surface of the hydrated
powder. A first desirable goal is to quantify if the observed surface chemistry remains once dispersed,
washed and dried under the intended handling conditions. The second would be to find the interaction
between a selected functional molecule and the surface. The following are some experimental questions
based on the FTIR result. A pre-existing hydroxyl envelope does not necessarily provide covalent

linkage, adsorption vs attachment and/or biological activity after immobilization.

The distance between powder characterization and analytical performance is demonstrated in published
zinc ferrite platforms. Vajhadin and colleagues [14] used chemically functionalized Zinc Ferrite in a
platform for electrochemical cells detection. Ye et al. performed the study on a zinc ferrite/graphitic
carbon nitride composite as a hydrogen peroxide sensor [15]. They're the analytical measures and the
gadgets of these systems. Set up application precedents, but not detection limit or the value of sensitivity
or selectivity for Ce-ZFO. If no device comparison is controlled, for example, the addition of cerium

does not indicate better signal generation.

Before the material properties can be correlated with the performance for a defined sensing application,
the analyte to be recognized, the transduction technique and the mechanism of recognition must be
specified. This would necessitate calibration, blank variability, interferent response and recovery in the
intended matrix, and reproducibility in independent preparations of the device. A powder FTIR
spectrum doesn't predict the interfacial charge-transfer behavior and its measurement could be used to
inform an electrochemical design. The present results therefore provide additional incentive for further
interface experiments and pose the question of the alleged benefit of cerium as an experiment waiting to

be performed.

A possible linkage of the hydrated powder to a sensing interface is outlined in figure 5. The unit chosen
would need to be chemically attached to the object and it would need to be demonstrated that it would
bind and produce a signal in the desired environment. Although an experimental example of a
functionalized zinc ferrite/electrochemical cell detection is reported by Vajhadin and co-workers [14] it
is not a functionalized Ce-ZFO interface. The attachment and recognition, then, are used to represent
proposed operations, in the diagram. There should also be a biological recognition element and a
transducer in the biosensor interpretation [10]. Specificity, calibration and matrix recovery would be

assessed in various aspects of this proposed sequence and repeatability between separate preparations
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would validate the usefulness of the sequence in practice. The present FTIR bands do not give any of

these device properties.

(a) Hydrated powder (b) Surface attachment (¢) Candidate interface
%
‘/
of OH ' ‘ ‘
N ’ Target
I
_ —_—
OH
OH 4
' Electrode
Hydration indicated Attachment chemistry Recognition and signal
by FTIR to be established to be tested

Prospective measurements: specificity, calibration, matrix recovery and repeatability.

Conceptual route only; no functionalized Ce-ZFO device has been tested here.

Figure 5. Original schematic of a prospective route from (a) hydrated Ce-ZFO powder to (b) an attached
recognition unit and (c) a candidate electrode interface. Green triangles represent proposed recognition
units and the gold star represents a target; dashed lines denote unverified attachment or recognition
steps. The concept is informed by the biosensor definition and a published zinc-ferrite platform [10,14].
It depicts future work rather than a fabricated or tested Ce-ZFO device.

6 Measurement limitations and reproducibility

One specimen and an image based band inventory are the primary evidence limitations. Independent
sample mounts and repeat preparations are not represented and repeatability of measurement and batch
repeatability can be not estimated. Note that, for integer valued annotations, this does not imply one-
wavenumber accuracy. The meaning of a reported position is dependent on the following factors:
wavenumber calibration, acquisition resolution, and minimum location method. The band positions and
uncertainties given in NIST's polystyrene transmission standard only cover its certified interval in the

mid-infrared [16]; it is not certified for the provisional 450 cm™ label.

Also, it is important to note that the difference does exist between the transmittance minimum and
quantitative concentration measure. Sample loading, thickness, accessory contact and scattering can
have an impact on the spectral amplitude. If a sampling geometry is not known and a reproducible

preparation procedure is not known, no apparent band depth could isolate one chemical population.
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Therefore, no surface concentration, integrated band ratio or fitted component fraction is provided. The
unresolved thermal sequence is another explanation for the limit of dehydration, crystallization and

removal of residue at a specific treatment temperature.

Such an extension would be reproducible, keeping all the raw spectral array and all the information
around the acquisition of that array, and documenting one definite preparation history, and repeat the
spectrum under controlled background conditions. The lowest frequency of the band should be explicitly
listed, as opposed to being implied from the axis label. In the case of the target being extended to
“doping” then the elemental composition, phase constitution and cerium valence should be analyzed
separately. These measurements would enhance the scientific scope, and are not replaced by further
elaboration of the current figure.

7 Conclusions

The FTIR spectrum of the sample that contained one nominal Ce atom per unit cell was suggestive of a
hydrated oxide interface and bonding between metal and oxygen that is characteristic of a ferrite
containing material. The broad envelope at 3430 cm-1 and the feature at 1620 cm-1 are consistent with
hydroxyl containing environments and molecular water, the deep response at 593 cm-1 is the main
feature of the lattice. The 2358 cm™ signal may also contain a contribution from the signal from the CO:
in the atmosphere and the 1384 cm™ band is not yet resolved between the possible residual-species
assignments. The 450 cm—1 annotation will not allow a definitive decision to be made until the
acquisition range is confirmed. A cerium induced shift, substitution fraction, oxidation-state ratio or
sensing advantage is not set up in this one-specimen sounding. Targeted studies of surface hydration,
residual species and subsequent interface functionalization are based on the defensible interpretation of

the measured spectrum, obtained in the presence of the chemically constrained interpretation.
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