
Correlative Microscopy: Techniques, Triumphs and Opportunities
C. Patrick Royall1, 2
1)Gulliver UMR CNRS 7083, ESPCI Paris, Université PSL, 75005 Paris,
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Summary. Correlative Microscopy in its strictest sense, refers to the simultaneous imaging of the same
region of a specimen by two or more distinct imaging techniques. Like many forms of microscopy, it had
its origins in biological applications with imaging of the same region of a specimen using fluorescence
microscopy and TEM1. This review will detail the imaging methods used and will provide examples of
key insights gained from the combination of multiple imaging techniques. The applicability of the different
techniques to a range of relevant samples is discussed, and also the extent to which different techniques are
mutually compatible. We will also discuss the benefits of the more general case of using multiple imagine
techniques without the requirement that the same sample region is imaged.

I. BRIEF OVERVIEW OF MICROSCOPY TECHNIQUES
RELEVANT TO PARTICULATE SYSTEMS

In the spirit of producing a self-contained document,
that can be read without the need to endlessly refer to
other sources, we aim to provide enough information for
the reader to appreciate the contribution that each tech-
nique by itself can make. We presume that the while
the reader is likely expert in a subset of the relevant
techniques, that they are unlikely to be expert in all.
We begin with Fig. 1 which indicates the lengthscales
that each technique is appropriate to.

A. Optical Techniques

We will include a discussion of Fluorescence Mi-
croscopy, Confocal Microscopy, Reflection Interference
Contrast microscopy2. Super-resolution “nanoscopy”
techniques such as photoactivated localization mi-
croscopy (PALM)3, STochastic Optical Reconstruction
Microscopy (STORM)3 and STimulated Emission De-
pletion STED4,5. In the context of correlative mi-
croscopy, it is worth noting that Fluorescence Mi-
croscopy typically considers optically thin specimens,
while for example confocal and STED are bona-fide 3d
techniques.

B. Electron Microscopy Techniques

Brief description of TEM, SEM, Environmental SEM.
EDX. We will outline new advances in Cryo-EM6.

C. Atomic Force Microscopy

Explanation of principle AFM contrast techniques
and what they reveal about the system: contact mode,
tapping mode.
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D. Tomography

We will outline the use of tomography in characteriz-
ing particulate systems. For example, electron tomog-
raphy to reveal the locations of nanoparticles in 3d7.
We will also discuss focussed ion beam (FIB) milling
and FIB-SEM 3d imaging3.

E. Raman Spectroscopy

Brief overview of the Raman technique and how it
may be applied to soft matter/fine particles3.

F. Image Analysis

We will mention traditional methods such as im-
age restoration via deconvolution8. Recently, AI and
machine-learning methods have begun to be used to
enhance the results of previous analysis methods9. We
will also cover AI-assisted annotated segmentation and
deep learning assisted image reconstruction.

G. Discussion of strengths and weaknesses of each
method

This will take the form of a “box”. The compar-
ative resolution of each technique will be discussed,
along with the nature of samples that are appropriate to
it. Sample degradation mechanisms (eg beam damage,
photobleaching) will be discussed a a means towards an
understanding of samples that may be appropriate for
multiple imaging techniques.

Suitable properties of a sample (eg transparency
for confocal microscopy), volatility relating to vacuum
techniques will be discussed will be discussed. We en-
visage a “box” which covers relevant systems of interest
and their applicability for the various techniques con-
sidered here.

mailto:paddy.royall@espci.psl.eu


2

smaller 
molecules

~1 nm
colloids

30-3000 nm
nanoparticles
~10-100 nm

polymers
10-100 nm

macroscopic
~1 cm

wide field optical (eg fluorescence)

confocal

super-resolution (STED, STORM, PALM)

AFM

SEM
TEM

STM
electron tomography 

FIG. 1. Lengthscales relevant to correlative microscopy. Schematic indication of typical lengthscales of systems of
interest. Approximate lengthscale regime for a selection of microscopy techniques. The lower bound is set by the resolution
of the technique. The upper bound is set by practicability of imaging time and the instrument set-up.

II. PUTTING IT ALL TOGETHER: ANALYSIS OF THE
SAME REGION WITH MULTIPLE TECHNIQUES
(CORRELATIVE MICROSCOPY)

A. Integrated Light and Electron Microscopy
Techniques

This is the first1 and perhaps the most obvious use
of correlative microscopy. See Fig. 2 for a schematic.
In particular, one seeks to combine the nanometer res-
olution of electron microscopy with optical techniques,
which may be more sensitive to chemistry or label spe-
cific information. An important part of correlating the
differences in information supplied by the imaging tech-
niques lies in bridging the different resolution of op-
tical and electron-based microscopies3. Two flavours
are possible – correlative light and electron microscopy

FIG. 2. Correlative optical electron microscopy.
Schematic of a SEM vacuum chamber with in coupling op-
tics for correlative light microscopy. Reproduced from Ref3.

(CLEM) and integrated correlative light and electron
microscopy (iCLEM)3.

This section will begin with a detailed discussion
of the methods and technical challenges of integrating
these imaging techniques before highlighting examples
of insight into relevant systems revealed by these meth-
ods.

B. Electron Microscopy Techniques

Bridging lengthscales. Characterisation of nanopar-
ticles can be done at the atomic scale, but shape/size
etc is done at a scale that involves an ensemble mea-
surement. Correlative techniques provide a means to
bridge these scales10. X-ray microscopy and X-ray ab-
sorption spectroscopy provide rich electronic and local
geometric information11. Other techniqies that we will
discuss include X-ray fluorescence (XRF) spectroscopy.

C. Electron Microscopy and Electrochemical Methods

Understanding the structure-reactivity relationship
at electrochemical interfaces is central to understanding
nearly all electrochemical processes. Here one method
is imaging and one is electrochemical. These methods
include electrochemical multimicroscopy, where electro-
chemical imaging is spatially correlated with comple-
mentary imaging or microscopic techniques integrated
with scanning electrochemical cell microscopy for ex-
ample11. Electrochemical Correlative Microscopy in-
tersects with operando electrochemical characterization
(performed under working conditions)12.

D. Electron Microscopy and Raman spectroscopy

Raman spectroscopy has been combined with (envi-
ronmental) TEM where the sample is placed in an at-
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mosphere rather than in a vacuum. This opens the
possibility to combine the chemical characterization of
Raman spectroscopy with the spatial resolution of TEM
for soft matter and even wet samples13. The Raman
technique is also suitable for combination with SEM.
SEM is fast, after which Raman analysis may be per-
formed on structures and regions of interest3.

E. Correlative Microscopy for Particulate Systems

Key examples of enhanced characterisation made
possible through the use of correlative microscopy.
Confocal-AFM methods will be discussed. One exam-
ple is the use of multiple dyes, that enable not only the
particle coordinates to be extracted but also the forces
between particles (Fig. 3)14.

III. GENERALIZED CORRELATIVE MICROSCOPY

In its strictest sense, correlative microscopy concerns
imaging the same region of a system with multiple tech-
niques. In this section, we will argue for a broader in-
terpretation, of using multiple techniques in a comple-
mentary manner. In principle, some might not even
be imaging techniques (see Sec. II C above). This
broader approach constitutes Generalized Correlative
Microscopy (GCM).

To give one example, in the context of film forma-
tion in water-based (latex) coatings, the author applied
environmental SEM to characterize the surface of the
drying film with the sample under a water vapor at-
mosphere15. This was combined with 3d confocal mi-
croscopy to probe the interior of the film8 and AFM to
probe the mechanical properties of the surface of the
dried film16. These techniques were applied to differ-
ent samples of the same system under different condi-
tions the environmental SEM while the film was still
wet, the confocal microscopy to the 3d interior of the
film and the AFM to the surface of the dried film. All
provided complementary information which was further
combined with macroscopic techniques such as reflec-
tometry.

A second quite popular method of GCM is to use
electron microscopy to characterize particles in detail
and then lower resolution optical methods (here confo-
cal microscopy) to study their assembly (Fig. 4)17.

IV. EMERGING TECHNIQUES IN THE FIELD.

Here we will discuss new techniques which show fu-
ture potential. For example, Ultrafast Electron Mi-
croscopy (UEM). This provides access to ultrafast struc-
tural dynamics with high local selectivity, enabling the
exploration of the dynamic nature of chemical bonding
in non-equilibrium states18.
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FIG. 3. Imaging of contacts and forces between
droplets in a colloidal gel. (a) Distribution of solva-
tochromic dye in two emulsion droplets α and β at contact.
The region shaded in pink Aα,β is related to the force be-
tween droplets fα,β . (b,c) Two channels showing droplets
(green) and contacts (red). (d) Combined two-channel im-
age of gel 14.
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FIG. 4. Generalised correlative microscopy. Polyhe-
dral colloidal “rocks” characterised with SEM (a) showing
higher resolution detail of the particles. (b) Confocal mi-
croscopy of a 3d system from which the coordinates of the
“rocks” can be extracted. Scale bars in (a) and (b) are 10
µm 17.

APPENDIX. COMMERCIAL SYSTEMS

Here we will provide some details of commercial sys-
tems suitable for correlative microscopy. Possible exam-
ples include products from Delmic19, FEI and Zeiss20.
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