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Development of a confocal rheometer for soft and biological materials
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We discuss the design and operation of a confocal rheometer, formed by integrating an Anton Paar

MCR301 stress-controlled rheometer with a Leica SP5 laser scanning confocal microscope. Combin-

ing two commercial instruments results in a system which is straightforward to assemble that pre-

serves the performance of each component with virtually no impact on the precision of either device.

The instruments are configured so that the microscope can acquire time-resolved, three-dimensional

volumes of a sample whose bulk viscoelastic properties are being measured simultaneously. We de-

scribe several aspects of the design and, to demonstrate the system’s capabilities, present the re-

sults of a few common measurements in the study of soft materials. © 2013 AIP Publishing LLC.

[http://dx.doi.org/10.1063/1.4810015]

I. INTRODUCTION

Complex fluids exhibit unique mechanical properties that

are determined by the physicochemical details of their con-

stituent components. One common example is a colloidal dis-

persion, where nano- to micrometer sized particles are sus-

pended within a fluid—e.g., milk, paint, and blood are all

colloidal dispersions. The structuring of the fluid has two

predominant effects: an enhancement of the fluid viscosity

and, when the concentration of the dispersed material is high

enough, the appearance of a frequency dependent elastic mod-

ulus. These characteristics are determined using rheology,

the measurement science of quantifying the response of fluid

based materials to an applied stress or strain.

Rheology techniques are classified into two main types

known as bulk and micro, each having specific benefits and

limitations. Bulk measurements often require relatively large

sample volumes and, depending on the measuring system, can

suffer from a somewhat limited range due to the inherent in-

ertia of the tooling. The main advantage of bulk rheology is

that the highly nonlinear mechanical behavior of soft materi-

als can be directly determined. Passive microrheology utilizes

the energy spectrum of thermal fluctuations and provides very

localized structural information over a tremendous dynami-

cal range that is limited only by the acquisition rate of the

measurement.1 The primary drawbacks of microrheology are

understanding the implications of incorporating tracer parti-

cles and the limitations set by the magnitude of the thermal

fluctuations; effectively, microrheology is limited to nearly

homogeneous systems with very small elastic moduli. Over-

all, rheology is extremely powerful as a characterization tool

for a broad class of biologically derived or chemically syn-

thesized materials. However, in many instances where bulk-

and micro-rheology are applied, information about the role

of structure, either inherent or influenced by boundary condi-

tions, is essentially unknowable. Limited access to structure

results in a great deal of uncertainty about the microscopic

origins of the mechanical response.

The first instruments specifically developed for optically

quantifying the structural response of complex fluids to an

externally applied shear stress were based on X-ray and neu-

tron scattering.2–4 Scattering methods are particularly pow-

erful for investigating average structural changes, such as

conformational changes in protein networks5 and the bulk

phase behavior of worm-like micelles.6 If the material is

inherently disordered, which is the case for most soft and

biological materials, scattering can only provide spatially

averaged information that generally precludes details about

localized structural rearrangements driven by thermal excita-

tions and external stresses. A natural extension of the scat-

tering approach is to directly measure the real space struc-

tural response of complex fluids under shear through the

use of optical microscopy. This need has driven the devel-

opment of new optical-rheology platforms with ever increas-

ing sophistication and versatility.7–13 Access to time-resolved,

three-dimensional information is crucial for an accurate quan-

tification of the microscopic structure that ultimately deter-

mines material properties; connecting macroscopic observ-

ables, such as shear and bulk moduli, to the relevant physical

interactions and structure is a cornerstone of modern materials

science.

The instrumentation challenge remains clear and open:

provide a measurement device that combines high resolution,

high magnification, real space, time resolved spatial infor-

mation in three dimensions that is coupled with simultane-

ous high resolution mechanical deformations that can be eas-

ily reproduced by research groups. Precision measurements

of the structure and mechanical properties of soft materials

require sub-micrometer spatial resolution and nanonewton-

meter torque resolution. Luckily, devices that independently

attain these levels of precision are commercially available.

The technology of fast laser scanning and spinning

disk confocal microscopy techniques (LSCM or SDCM)

has matured dramatically over the past 20 years. Innova-

tions made to confocal microscopy, through commercial and

academic partnerships, are providing unprecedented gains

in imaging resolution at ever increasing acquisition speeds

and at steadily decreasing costs.14 Confocal microscopy has

emerged as a powerful tool in soft materials physics,15 as
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it provides three-dimensional reconstructions of structures

at sub-micrometer resolution. The principles of confocal

microscopy are straightforward; by discriminating out of fo-

cus light, sharp two-dimensional images are “stacked” in the

third dimension, providing time resolved volumetric data.

These image volumes can then be rapidly analyzed at the

sub-voxel level using advanced processing techniques.16, 17

There are many commercial implementations from all of

the major microscopy companies, and a number of compo-

nent built systems that are generally based on spinning disk

platforms.

Concomitant to the advances of confocal microscopy,

stress-controlled rheometer technology has also advanced,

providing new standards for sensitivity and stability. More-

over, stress-controlled rheometers are ideally suited as de-

velopment platforms due to the combination of low friction,

feedback-controlled, inductive motors that provide precise

torque, and position encoders that measure displacements.

In nearly all implementations, the motor/encoder systems

are integrated into the upper tool. This compact design is

in contrast to strain-controlled platforms where one tool ro-

tates to provide displacement, while the other tool responds

to the stress that propagates through the sample. The sin-

gle tool configuration provides the flexibility to incorpo-

rate versatile modifications of the static portion of the lower

tooling.

What follows below is a detailed description of what is

needed to reproduce our confocal rheometer system. A key

component of our plan was to produce a functional device

within a very short period of time with a limited amount

of machine work. To attain this does require the use of a

particular rheometer (Anton Paar MCR series) and there-

fore emulating this system with other devices may prove

difficult. We do feel that this system can be reproduced

using devices from other manufacturers if the specific guide-

lines we provide are transferred. We will discuss a number

of design criteria that guided our development and a se-

ries of data that will help motivate the intended demand.

We also quantify a few unavoidable limitations of these sys-

tems and confirm some of the capabilities through recent

publications.18–20

II. DESIGN PRINCIPLES

The plates of shearing devices should remain parallel at

a fixed gap throughout their entire range of motion, whether

that corresponds to a full rotation for a rheometer or a max-

imum displacement for a linear shear stage. The limitations

of these devices are set by the tolerances attainable through

computer numerical control (CNC) machining methods; in

most instances, CNC machining can attain 2 μm precision.

Most modern rheometers are produced within these specifi-

cations and therefore can reproducibly attain gaps to within

20 μm while remaining functional and allowing easy inter-

change between tools. Tool runout and parallelity are dramat-

ically compromised if the relative orientation of each tool is

not maintained for all applications, leading to a reduction in

the reliability of reported rheological data. Therefore, when

developing a new rheological system, either with a top-down

FIG. 1. Photograph of the confocal rheometer. The base plate of an Anton

Paar MCR301 rheometer is replaced with a metal cup. Optical access for a

Leica SP5 confocal microscope is provided by a glass coverslip mounted in

the cup, which serves as the rheometer bottom plate. The field of view of

the microscope can be changed by moving the rheometer on a manual three-

axis translation stage. The inset shows the device that clamps the cup to the

microscope stand to reduce vibrations.

design using existing technology or a bottom-up design by as-

sembling custom components, each new implementation must

at least match these specifications.

We have chosen a top-down approach for constructing a

confocal rheometer. The primary considerations for this de-

cision were time and functionality. Having a working device

within a year, from conception to implementation, was highly

desirable and attainable. By using devices with guaranteed

factory specifications, we could forgo years of engineering

and benchmarking. Furthermore, commercial instruments po-

tentially provide a more user friendly system, making train-

ing, operation, and collaboration simpler.

Our system, shown in Fig. 1, consists of an MCR301

stress-controlled rheometer from Anton Paar GmbH and an

SP5 LSCM from Leica Microsystems; it was designed in col-

laboration with both companies. Optical access to the sample

for the microscope is provided from below by a glass cover-

slip which also serves as the bottom plate for the rheometer.

This coverslip is rigidly mounted to the rheometer via a metal

cup; as a result, the two devices maintain autonomous func-

tionality even when joined together.

The rheometer modifications made for this application do

not dictate a choice of microscope manufacturer or confocal

head style. However, if an attempt is made to duplicate this

design using another rheometer manufacturer, care must be

taken to match the mounting and tool specifications. Main-

taining gap tolerance and tool runout are critical features for

simultaneous rheology and visualization. We feel that if a mi-

croscope stage or any other independent platform is substi-

tuted for the bottom plate of the rheometer, the task of main-

taining a gap on the order of 50 μm across a tool diameter

of 25 mm becomes dramatically more difficult. In our design,

we are able to machine fixed components at tolerances that are

within the manufacturers specifications, providing us reliable

gaps of h ≥ 20 μm.
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III. SYSTEM COMPONENTS

A. Rheometer

The rheometer for the system was modified at the factory

by Anton Paar to be compatible with our design. This pri-

marily involved the relocation of the front control panel and

removal of the lower front section of the rheometer; this pro-

vides unimpeded access below the lower tool platform. The

result is a horizontal platform that accepts all standard and

custom manufactured bottom plate accessories. These modi-

fications, and the large distance from the tool rotational axis to

the front of the rheometer body, provide sufficient clearance

for the microscope when the two instruments are mounted

next to each other.

A custom stainless steel cup bolts to the rheometer plat-

form and positions the bottom plate coverslip so that the plat-

form does not interfere with the microscope; see Fig. 2(a).

The cup consists of a factory-supplied mounting flange, a

cylindrical section that bolts to the flange, and an interchange-

able baseplate that bolts to the cylindrical section. The base-

plate, an example of which is drawn in Fig. 2(b), registers

the coverslip and has a slotted opening to provide optical ac-

cess for the microscope. The underside of the baseplate is

machined to a sharp edge around the perimeter of the slot;

this allows a high magnification immersion objective to reach

the coverslip, thus preserving its full working distance. A flat

acrylic ring, fitted with a rubber O-ring, clamps the circu-

lar coverslip (40 mm in diameter) in place. A cross-sectional

view of the sample region is shown in Fig. 2(c).

We use standard measuring system tools from Anton

Paar. They must, however, be 150 mm in length in order

to reach the coverslip. The cup assembly can accommodate

tools, in either plate or cone geometries, with diameters of up

to 25 mm.

(c)(b)

(a)

Tool

Coverslip

Objective

FIG. 2. Cut-away drawings of the (a) confocal rheometer assembly (includ-

ing the microscope objective, metal cup that mounts to the rheometer, glass

coverslip, and rheometer tool) and (b) the baseplate at the bottom of the cup.

(c) Magnified cross section of the sample region.

The cup can be covered to limit evaporation from aque-

ous samples and is water tight so that biological samples

can be immersed in media. A bath circulator flows heated or

chilled fluid through copper coils that wrap around the cup to

regulate the temperature of the entire cup and sample.

B. Microscope

The Leica confocal uses a standard DMI6000B inverted

microscope with the upper illumination arm removed. The

vertical (z) position of the objective is controlled by a piezo-

based focusing attachment from Piezosystem Jena. It is im-

portant to take into account the further geometrical constraints

that the body of the piezo puts on the design of the rheometer

cup. Alternatively, motor control of the nosepiece will suffice,

but will lead to slower acquisition times for confocal stacks.

Images are acquired with a raster point scanner, which

can be operated in an 8 kHz resonant mode. The acquisition

speed can be effectively doubled with a bi-directional x scan;

in this case, a typical image stack with a resolution of 256

× 256 × 100 voxels can be acquired in roughly 2 s. In ad-

dition, a series of three-dimensional stacks can be imaged

in a bi-directional z mode, where the order of z slices is re-

versed on alternate stacks, preventing the piezo from resetting

abruptly.

C. Translation stage and instrument coupling

To adjust the position of the rheometer relative to the mi-

croscope body, and thus the imaging field of view, we de-

signed a mounting stage that provides leveling and translation

capabilities. The stage is comprised of two aluminum plates

separated by three fine-threaded, ball-bearing-tipped screws

for leveling the rheometer. These plates are held together with

three springs. The springs are removable and provide access

to the bottom plate which bolts directly to two orthogonal

Edmund Optics 38–180 translation stages. The translation

stages are then mounted to a plate that bolts to the bread-

board of the air table (Technical Manufacturing Corporation,

model 63-543) on which the entire confocal rheometer sits.

In order to place the rheometer’s tool over the objective, the

stage must be rotated about its vertical center-line axis at an

angle of 12.5◦ relative to the microscope—N.B. this is the

case for Leica 6000 series inverted microscopes, however

each different manufacturer should be tested for orientation

requirements.

Through the use of a vibrationally isolated table, mechan-

ical noise from external sources is diminished for the micro-

scope and rheometer separately. However, any residual rela-

tive motion between the instruments can degrade the imaging

quality. The biggest source of this motion comes from the ac-

tive components of the rheometer itself, with dominant fre-

quencies near 100 Hz. To minimize relative motion, a “soft-

coupling” clamp, shown in the inset of Fig. 1, connects the

microscope base and the rheometer cup. This clamp is ad-

justable in the horizontal plane, so the rheometer can be po-

sitioned as needed, and is attached to the microscope stand

through the stage mounting positions. While the vibrational

noise with the clamp (with an amplitude under 100 nm, as
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FIG. 3. Radial position calibration. The measured linear shear velocity vt

(symbols) of the rheometer tool displays the expected linear dependence

(solid line) on the position X of the rheometer stage.

directly measured from rapidly acquired microscope images)

is still larger than when using a traditional microscope stage,

the current conditions do not hinder the sort of measurements

described in Sec. IV.

Placing the rheometer on its translation stage only

roughly constrains its position, which simplifies assembly of

the instrument. To accurately determine the radial position of

the microscope objective with respect to the central axis of the

rheometer tool, we rely on imaging the surface of the tool di-

rectly. For instance, this position can be determined by mea-

suring the local linear velocity vt of the tool due to a rotation

of known angular velocity. We verified this approach with the

measurement shown in Fig. 3. Images of the tool were ac-

quired in reflectance while the rheometer was set to a steady

shear rate of 0.330 1/s with a gap of 50 μm. We measured

vt at several locations across the face of the tool as the stage

was moved in one dimension. As this path was chosen to run

through the rheometer axis, vt should have a linear depen-

dence on the stage position X. The fit shown with a solid line

in Fig. 3 yields a shear rate of 0.331 1/s, where the discrep-

ancy from the nominal value reflects the size of the mismatch

in the spatial and temporal calibrations of the two instruments.

IV. EXPERIMENTAL RESULTS

To demonstrate the capabilities of the instrument as well

as provide some context for the discussion of other design

issues, we next present a few representative measurements.

Throughout the section, the local velocity, vorticity, and gra-

dient axes at the imaging location will be referred to as x, y,

and z, respectively.

A. Oscillatory measurements

Many biological polymer networks have complex rhe-

ological properties that play important roles in structural

integrity and cell motility. Furthermore, individual fiber bun-

dles can often be imaged, opening up the possibility of link-

ing bulk behavior and various geometrical properties of these

sparse disordered networks. We now show a simple example

of how the viscoelasticity of a gel, as quantified by the dy-

namic shear moduli, is reflected in its structure.

(a) (b) (c)

(d)

a

b

c

FIG. 4. Polymerization of collagen. (a)–(c) The images show snapshots

in the xz-plane of a sample during polymerization; the scale bar indicates

30 μm. (d) The storage G′ (squares) and loss G′ ′ (circles) moduli both plateau

as the gel is formed. The arrows indicate the times at which the images were

acquired.

Figure 4 shows data taken during the polymerization of

a fluorescently-labeled collagen network (1 mg/ml concentra-

tion, 0.12 ionic strength). Once the polymerization was ini-

tiated and the sample was loaded, the rheometer gap was

set to 90 μm with a 25 mm parallel plate tool. The storage

G′ and loss G′′ moduli were continuously monitored using a

0.5% strain amplitude, 1 Hz oscillation. The results, shown

in Fig. 4(d), suggest that the polymerization took roughly

4000 s.

At the same time, three-dimensional image stacks

were periodically acquired at a radial position of 8 mm.

Figures 4(a)–4(c) show images in the xz-plane taken at the

times indicated by the arrows in the rheology plot. Each panel

is the maximum projection along the y-axis of a section of the

stack 9 μm thick and shows the full extent of the sample in

z, from coverslip to tool. From these images, where brighter

colors indicate a stronger fluorescence signal, the formation of

fibers can be followed. It is interesting to note that the back-

ground noise signal diminishes as more fluorescently-labeled

collagen is incorporated into the network.

For this measurement, the polymerization was carried out

on a clean glass coverslip. However, if adhesion is a concern

for larger strains, we have found it possible to chemically

treat the coverslips to make them hydrophilic (or hydropho-

bic, when needed) without affecting the imaging quality in

any appreciable way.

B. Steady flow measurements

Many colloidal systems and other structured fluids dis-

play interesting behavior under a continuous shear. This may

include ordering at the level of individual constituent parti-

cles or the formation of large-scale shear bands. The confocal

rheometer can provide some insight into how these structural

properties affect bulk rheology under a wide range of shears.

A comparison of the flow behavior for honey, a nearly

Newtonian fluid, and an oil-in-water emulsion (compressed

to a volume fraction of 0.60), which has a yield stress and

shear thins, is shown in Fig. 5. A clean coverslip worked well

for the honey, but this surface lead to complete boundary slip
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(a)

(b)

(c)

FIG. 5. Flow properties of two fluids. (a) Rheological flow curves for

honey (circles) and a compressed emulsion (squares) show Newtonian and

Herschel-Bulkley behavior, respectively. The z-dependent flow profiles for

(b) honey and (c) the emulsion have a very different dependence on the shear

rate; here, the average shear velocity vx (normalized by the local tool speed

vt ) is plotted for local shear rates of 10−3 (squares), 1 (triangles), and 103

(circles) 1/s. The images inset in (b) show an example of the analysis used to

extract vx for the fastest rate.

for the emulsion drops. We found that a robust solution was

to lithographically define a square grid of posts on a cover-

slip using SU-8, a negative photoresist that adheres well to

glass. Image degradation can be avoided by matching the in-

dex of refraction of the posts to that of the sample. As there

was also considerable slip on the bare metal rheometer tool,

we attached a similarly roughened coverslip to its surface.

The difference in the bulk behavior of the materials

is clearly seen in the flow curves of Fig. 5(a). The shear

stress σ is nearly linear in the strain rate γ̇ for the honey

(circles), corresponding to a constant viscosity of 6.4 Pa s.

On the other hand, the emulsion (squares) closely follows a

Herschel-Bulkley form, as shown by the solid fit line, with

σ = 47 + 17γ̇ 0.47.

A simple way to characterize the spatial properties of a

steady state flow is with the average velocity vx in the shear

direction as a function of the position z above the coverslip.

Such flow profiles are shown in Figs. 5(b) and 5(c) for the

two fluids for three different shear rates. The velocities are

normalized by the local tool speed vt ; the position is nor-

malized by the rheometer gap h, which was set to 100 μm.

The flow was measured by following 1 μm fluorescent tracer

beads mixed in with the samples.

As seen in Fig. 5, the honey undergoes a roughly affine

deformation (indicated by the solid line) for all γ̇ , as expected

in a flow where the shear stress is independent of z. The emul-

sion flows in a similar fashion for the highest shear rate, but

displays strong shear localization near the coverslip at the

lowest shear rate.

The advanced engineering of both the confocal and

rheometer is needed to acquire data over the wide dynamic

range shown in the figure. For instance, the torque needed by

the rheometer to produce the shears in Fig. 5(a) for the honey

varies by six orders of magnitude.

In terms of imaging, for the slow rate, the samples move

slowly enough for full three-dimensional stacks to be ac-

quired over time. With these in hand, traditional particle find-

ing and tracking algorithms can be used to extract three-

dimensional velocity fields from the individual tracers.16, 17

At higher shear, where it is no longer possible to acquire full

stacks, two-dimensional images can be rapidly acquired at

fixed z. From these images, particle image velocimetry tech-

niques yield values of vx and vy averaged over the xy-plane.

At still higher shear, even a single image is distorted by

the raster scanning process, as the fluid moves a significant

amount in the time it takes to acquire one line. In this case, a

single velocity component of a flow, assumed to be uniform

in the direction of scanning, can be inferred from the relative

displacement between pairs of image lines needed to recover

circular particles. This type of analysis was used for the high-

est shear rates for both fluids; an example of the image pro-

cessing is shown in the inset to Fig. 5(b). The raw image is

at the top, while the one below it shows the recovered image

due to an average flow of 6700 μm/s. The frequency of the

resonant scanner limits the velocity to which this technique

can be applied.

When acquiring a three-dimensional stack with a confo-

cal microscope, as needed for a flow profile measurement, it

can be critical to know the exact value of z at which each slice

is taken. As there are several changes in the index of refraction

along the imaging path, knowledge of the objective position

is insufficient. In particular, the index mismatch between the

immersion fluid (with index ni) and the sample (with ns) intro-

duces a number of effects, including reduced signal intensity,

a degradation in resolution, and a shift in the position of the

focal plane.21

We measured the focal shift for two objectives and a se-

lection of samples that filled the rheometer’s gap, as shown in

Fig. 6. For each sample, a linear dependence was found be-

tween the rheometer’s gap and the position of the objective

needed to bring the surface of the tool into focus. The focal

shift can be quantified by the slope �f/�z of this relation-

ship, where a change in the objective height �z leads to the

focal plane moving by �f. As expected, the values are nearly

reproduced by ns/ni for two 63× objectives using oil (solid

circle, solid line) and water (open circle, dashed line) immer-

sion fluid. This correction was applied to the flow profiles in

Fig. 5; in fact, the water-immersion objective had to be moved

89 and 95 μm for the honey and emulsion, respectively, to

cover the actual 100 μm gap. While the focal shift can be mea-

sured with far less instrumentation, the confocal rheometer is

well suited to the task, particularly given the ease of setting a
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FIG. 6. Focal shift measurements. The ratio �f/�z between changes in the

position of the focal plane and the objective increases roughly linearly with

the index of refraction ns of the sample being imaged. Measurements are

shown for two objectives which use oil (solid circles) and water (open circles)

as the immersion fluid.

variable gap, and can provide a value for any specific combi-

nation of objective and sample.

Performing the flow measurements presented a few other

challenges, particularly for the emulsion. A consequence of

providing optical access to the sample is that the coverslip

that serves as the bottom rheometer plate can deflect over the

area where it is unsupported by the metal baseplate. This can

occur in two ways. For one, loading a stiff sample can result

in a significant force on the glass originating from the tool.

Additionally, for objectives that require an immersion fluid,

the resultant coupling can lead to a deflection of the coverslip

when the objective moves in the z-direction. This problem is

exacerbated by the presence of the rheometer tool, which im-

poses a fixed boundary plane. If the coverslip moves for either

reason, it imposes a stress on the sample which can result, for

example, in the rearrangement of emulsion droplets.

There are several ways to mitigate these issues. To mini-

mize deflection, a rheometer cup baseplate with a single small

hole [rather than one with a wide slot, as show in Fig. 2(b)]

can be used to reduce the unsupported coverslip area. Using

water or a low viscosity oil as the immersion fluid greatly re-

duces the objective coupling. Ill effects of the coupling can be

further reduced with the bi-directional z scanning described in

Sec. III B, which is essential for imaging colloidal systems.

The severity of the deflection depends strongly on the

properties of the sample, so it is important to monitor its ef-

fects. In particular, we have found that the normal force sensor

of the rheometer is sensitive to very small deflections of the

coverslip, including those caused by the objective during se-

quential three-dimensional stack acquisition. When loading a

stiff sample, the rheometer control software can lower the tool

at a slow enough rate to allow the sample to fill the gap uni-

formly. In addition, for a structured fluid that displays yielding

behavior, a slow rotation or oscillation of the tool can improve

this relaxation. In practice, we modify the loading profile to

minimize the coverslip deflection, as measured by the normal

force sensor and direct imaging with the microscope.

An example of this monitoring is shown in Fig. 7, where

the normal force FN and coverslip location z0 (where z0 = 0

before the sample is loaded) were measured during the load-

ing of a compressed emulsion to a gap h of 100 μm. Both of

(b)

(a)

FIG. 7. Sample loading. The (a) normal force and (b) coverslip deflection

were monitored while a compressed emulsion was loaded under the differ-

ent conditions described in the text. In the main plots, the gap h decreases

with time to a final value of 100 μm. The insets show the relaxation of the

coverslip when the tool was rotated after loading, as a function of time t.

these values were quite high when the tool was lowered at a

rate of 50 μm/s (solid lines). As shown in the insets, the cov-

erslip relaxes quickly when the tool is rotated at a shear rate

of 5 1/s after the gap has been set to its final value. The max-

imum normal force is smaller when loading at 5 μm/s with a

1 1/s rotation (dashed lines). Alternatively, the deflection can

be minimized by using a baseplate with a single hole (dotted

lines). This baseplate also limits deflection during measure-

ments after the sample has been loaded. Thus the baseplate

and loading protocol can be chosen to meet the needs of each

experiment.

V. SUMMARY

We have described a confocal rheometer comprised of

two commercial instruments. While the Anton Paar rheometer

did have to be modified to provide adequate access for the Le-

ica microscope, taking advantage of the significant engineer-

ing of the instruments simplified assembly of the combined

system and went a long way to ensure successful operation.

In addition to providing standard bulk viscoelastic measure-

ment capability, the rheometer has many advantages over a

standard shear cell, including a normal force sensor that is

particularly useful during loading, easy measurement profile

definition, a wide range of applied torque, and a gap that can

be precisely controlled over the course of an experiment.

We feel that due to the large number of groups that have

incorporated microscopy and rheology as equipment for their

research, that this system can be implemented with a mod-

est amount of additional machine work and engineering. We

hope that our straightforward design principles will be easily

transferable.
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