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Resonance Shear Measurement System (RSMResonance Shear Measurement System (RSM--1)1)
A Novel Apparatus for A Novel Apparatus for NanorheologyNanorheology, , NanotribologyNanotribology and Surface Forces Measurementsand Surface Forces Measurements
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We have developed a resonance shear measurement system (RSMWe have developed a resonance shear measurement system (RSM--1), 1), 
which is a unique method of measuring resonance shear response fwhich is a unique method of measuring resonance shear response for use in or use in 
evaluating liquid properties in evaluating liquid properties in nanonano spaces. spaces. 

The system measures the surface force and resonance shear respThe system measures the surface force and resonance shear response by onse by 
continuously changing the liquid film thickness between two solicontinuously changing the liquid film thickness between two solid surfaces d surfaces 
from several from several μμmm to actual contact. From the frequency and the amplitude of to actual contact. From the frequency and the amplitude of 
the resonance peak, properties such as the structuring liquids, the resonance peak, properties such as the structuring liquids, viscosity, viscosity, 
friction, and friction, and lubrication can be evaluated as the function of distancelubrication can be evaluated as the function of distance. Using the . Using the 
surface forces measurement, the surface potential, adhesive forcsurface forces measurement, the surface potential, adhesive force, and e, and stericsteric
structures of adsorbed molecules can be evaluated. structures of adsorbed molecules can be evaluated. 

This system can be used for measuring the surface force betweeThis system can be used for measuring the surface force between the n the 
opaque substratesopaque substrates with a twinwith a twin--path path interferometricinterferometric method for distance method for distance 
determination. Unlike the conventional SFA, which uses the transdetermination. Unlike the conventional SFA, which uses the transmitted light for mitted light for 
distance determination by FECO (fringes of equal chromatic orderdistance determination by FECO (fringes of equal chromatic order), this ), this 
method determine the liquid film thickness changes using the lasmethod determine the liquid film thickness changes using the laser light er light 
reflected on the back of the bottom surface.reflected on the back of the bottom surface.

Surface forces between mica surface measured in aqueous KBr solution 
at various KBr concentrations (0.0～10.0 mM).

References for the surface forces measurement
1) H. Kawai, H. Sakuma, M. Mizukami, T. Abe, Y. Fukao, H. Tajima, and K. Kurihara, Rev. Sci. 
Instrum. 80 (2008) 043701.
2) Jacob N. Israelachvili, Intermolecular and Surface Forces, Third Edition, Academic Press.

References for the resonance shear measurement
1) M. Mizukami, K. Kusakabe, and K. Kurihara, Prog. Colloid. Polym. Sci., 128, 105 (2004).
2) H. Sakuma, K. Kurihara, Rev. Sci. Instrum. 80, 013701 (2009),
3) M. Mizukami and K. Kurihara, Rev. Sci. Instrum. 79 113705 (2008). 
4) H. Mizuno, T. Haraszti, M. Mizukami, K. Kurihara, SAE Int. J. Fuels Lubr. 1, 1517 (2009).
5) Y. Kayano, H. Sakuma, K. Kurihara, Langmuir, 23, 8365 (2007).

Resonance curves measured in the presence of liquid 
crystal 6CB between mica surfaces.

Related industriesRelated industries

The features of this system are as follows.The features of this system are as follows.
1)1)Determination of the surface separation : Determination of the surface separation : ResolutionResolution of the of the twinpathtwinpath and FECOand FECO** methods are methods are 1 nm and 0.1 nm1 nm and 0.1 nm, respectively., respectively.

2)2)Surface forces can be measured with a Surface forces can be measured with a resolution of 100 resolution of 100 nNnN and 10 and 10 nNnN by by twinpathtwinpath and FECO method, respectively.and FECO method, respectively.

3)3)Shear response sensitivity : Shear response sensitivity : Highly sensitive due to the resonance methodHighly sensitive due to the resonance method

4)4)Measurement time of resonance curve: Measurement time of resonance curve: 2 to 10 seconds2 to 10 seconds for one resonance curve via the Fourier transform method.for one resonance curve via the Fourier transform method.

5)5)Target surfaces : Target surfaces : Metal, ceramics and polymer etcMetal, ceramics and polymer etc..

Target liquids : Lubricants, electrolyte, polymer solution aTarget liquids : Lubricants, electrolyte, polymer solution and surfactant solution etcnd surfactant solution etc

6)Measurable properties : Surface properties (Surface potential 6)Measurable properties : Surface properties (Surface potential and charges, adsorption properties such as and charges, adsorption properties such as stericsteric structure structure 

and and viscoelasticviscoelastic properties of adsorbed molecules), properties of adsorbed molecules), rheologyrheology (viscosity of liquid), (viscosity of liquid), tribologytribology, origin of interaction., origin of interaction.

(* Fringes of equal chromatic (* Fringes of equal chromatic order(FECOorder(FECO): an optical ): an optical interferometryinterferometry used for the determination of absolute used for the determination of absolute suefacesueface separation.)separation.)
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・・Traditionally the mechanism involved in friction has only been uTraditionally the mechanism involved in friction has only been understood in a nderstood in a 
phenomenological manner; however, this system allows concrete evphenomenological manner; however, this system allows concrete evaluations aluations 
of the friction system at the molecular level, which then also aof the friction system at the molecular level, which then also allows more llows more 
efficient system design, reduced friction and energy loss due toefficient system design, reduced friction and energy loss due to friction, and it friction, and it 
to be devoted to the innovative technology such as to be devoted to the innovative technology such as superlubricitysuperlubricity..
・・Provides designing principles at the nanometer level for many adProvides designing principles at the nanometer level for many advanced vanced 
materials, thus leading to the promotion of industries manufactumaterials, thus leading to the promotion of industries manufacturing new highring new high--
value materials.value materials.

Surface Forces MeasurementSurface Forces Measurement

KBrKBr 10.0 10.0 mMmM
DD00= 3.0 nm= 3.0 nm

no adhesionno adhesion

KBrKBr 1.0 1.0 mMmM

DD00= 9.6 nm= 9.6 nm
no adhesionno adhesion

KBrKBr 0.1 0.1 mMmM
DD00= 30.4 nm= 30.4 nm
FFAA= 2.6 = 2.6 mN/mmN/m

pure waterpure water
DD00= 89.0 nm= 89.0 nm
FFAA= 40.8 = 40.8 mN/mmN/m

FFaa : Adhesion force: Adhesion force

DD00: Decay length: Decay length
((FF//RR = = A A exp(exp(－－DD//DD00))  ))  

Micro tip

AT&T
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Micro machine Hard disk

Manufacturers of cosmetics, lubricants, paint Manufacturers of cosmetics, lubricants, paint 
sealants, and materials for sealants, and materials for nanonano--devices and devices and 
machines.machines.

→→ Surface potential and charges, adsorption Surface potential and charges, adsorption 
properties such as properties such as stericsteric structure, origin of structure, origin of 
interaction force can be evaluated.interaction force can be evaluated.

Nano-biomaterials

Composite material

Cu-poly imide
Sumitomo Metal  Mining

Bretscher, 1985.Scientific American

Quantitative and original information
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→→ Liquid structuring,  Liquid structuring,  rheologicalrheological properties (viscosity),  and properties (viscosity),  and tribologicaltribological
properties (friction and lubrication) in properties (friction and lubrication) in nanonano--confined liquid can be evaluated.confined liquid can be evaluated.
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