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1. The aim of the project

The aim of the project is to investigate the influence of hydroxiquinoline (hq) isomers on the friction between the sample and the AFM tip in the nanometer scale. As a sample we used the copper deposited on the silicon wafer (Institut of .Solidphysics) investigated by MFP-3D provided by Asylum Research. The measurements were performed in the fluid cell (Asylum Research) using the  Veeco cantilevers with the spring constant of 0,1 N/m.
2. How to calculate friction

(on basis of ‘Nanotribology and Nanomechanics. An Introduction’ edited by Bharat Bhushan, Springer 2005, chapter 2.3.4 Friction Measurement Methods, page 70)

There are two friction measurement methods introduced. For presented measurements we used the Lateral Force technique, as it is described as the more reliable and objective technique. We set the scanning angle at 90o obtaining the scanning direction shown in the Fig. 1 and record the Lateral Trace (LT) and Lateral Retrace (LR) readouts. 
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Fig. 1 The direction of scanning of the sample.

Source: www.gutsmann.com
Calculation:

· picking up one line from the LT, LR pictures 

· calculation of the average Lateral Trace (LTav) and Lateral Retrace (LRav) value

· Friction Force Value (FFV) = |LTav - LRav|:2 [V]

Presented results are in [V] as such are the indications of Lateral Force measurement. In order to obtain commonly used units the calibration of Lateral Force should be performed, which needs an additional equipment.

Nevertheless the results could be easily compared in [V] units.

3. Investigation method step by step

We assemble the fluid cell according to the provided instruction, so that two channels on the opposite sides of the fluid cell are closed. 
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Fig. 2 Left picture – upper half of fluid cell, new prototype membrane. Right picture – lower half of fluid cell with the sample.

After screwing together the upper and lower parts of fluid cell (Fig. 2), we fill it with desired fluid and mount on the AFM head (Fig. 3). 
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Fig. 3 Fluid cell mounted on the AFM head. Two channels closed, two channels with pipes in order to obtain a flow through of fluid.

We mount the AFM head on the moving table (Fig. 4) and adjust the height, so that the whole fluid cell lies on the moving table.
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Fig. 4 Assembled measurement system – syringe filled with hq+toluene solution.
As the mounting procedure is completed we can start the preliminary scans in toluene/water. After recording the LT+LR data we introduce the hq solution into the system (Fig. 4). We can observe distortions in the pictures (Fig. 5). The time needed for the tip to retrieve the good connection with the sample depends on the speed of introduction of hq solution.
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Fig. 5 In situ AFM scan. The stripes appear when the hq solution is introduced into the fluid cell, because the tip loses connection with the sample.

We leave the environment to stabilize (approx. 20 min) and continue the scans.

After finishing the measurements we demount (new demounting technique presented in chapter 6) and disassemble the fluid cell.

4. Measurements and calculations
A) Toluene, toluene + hq 4

	toluene lateral trace
	toluene lateral trace
	toluene lateral retrace
	toluene lateral retrace
	Average lateral trace
	Average lateral retrace
	FFV
	

	-0,67139
	-0,67429
	-0,67383
	-0,67627
	-0,67284
	-0,67505
	0,001105
	

	-0,67154
	-0,67429
	-0,67459
	-0,67657
	-0,672915
	-0,67558
	0,001333
	

	-0,672
	-0,6749
	-0,67444
	-0,67688
	-0,67345
	-0,67566
	0,001105
	

	-0,67184
	-0,67474
	-0,67474
	-0,67688
	-0,67329
	-0,67581
	0,00126
	

	-0,6749
	-0,67245
	-0,67734
	-0,67535
	-0,673675
	-0,676345
	0,001335
	

	-0,67657
	-0,67245
	-0,67566
	-0,6781
	-0,67451
	-0,67688
	0,001185
	

	-0,67398
	-0,67703
	-0,67886
	-0,67673
	-0,675505
	-0,677795
	0,001145
	

	-0,67429
	-0,67734
	-0,67413
	-0,68069
	-0,675815
	-0,67741
	0,000798
	

	-0,67703
	-0,67337
	-0,67703
	-0,67993
	-0,6752
	-0,67848
	0,00164
	

	-0,67795
	-0,67459
	-0,67795
	-0,68024
	-0,67627
	-0,679095
	0,001412
	

	-0,6752
	-0,6781
	-0,68024
	-0,6781
	-0,67665
	-0,67917
	0,00126
	

	-0,67008
	-0,67703
	-0,67902
	-0,68192
	-0,673555
	-0,68047
	0,003457
	

	-0,67978
	-0,67627
	-0,68207
	-0,67947
	-0,678025
	-0,68077
	0,001372
	

	-0,67734
	-0,67978
	-0,68222
	-0,68008
	-0,67856
	-0,68115
	0,001295
	

	-0,68085
	-0,67841
	-0,68054
	-0,68314
	-0,67963
	-0,68184
	0,001105
	

	
	
	
	
	
	
	0,001387
	Average FFM


	hq 4+toluene lateral trace
	hq 4+toluene lateral trace
	hq 4+toluene lateral retrace
	hq 4+toluene lateral retrace
	Average lateral trace
	Average lateral retrace
	FFV
	

	-0,79987
	-0,80215
	-0,80276
	-0,80109
	-0,80101
	-0,801925
	0,000458
	

	-0,79987
	-0,802
	-0,80276
	-0,80048
	-0,800935
	-0,80162
	0,000343
	

	-0,79941
	-0,80139
	-0,80139
	-0,80307
	-0,8004
	-0,80223
	0,000915
	

	-0,802
	-0,79926
	-0,80109
	-0,80292
	-0,80063
	-0,802005
	0,000688
	

	-0,79849
	-0,80124
	-0,80109
	-0,80307
	-0,799865
	-0,80208
	0,001107
	

	-0,7988
	-0,80139
	-0,80048
	-0,80246
	-0,800095
	-0,80147
	0,000687
	

	-0,8017
	-0,7988
	-0,80078
	-0,80246
	-0,80025
	-0,80162
	0,000685
	

	-0,80154
	-0,7991
	-0,80307
	-0,80109
	-0,80032
	-0,80208
	0,00088
	

	-0,79971
	-0,80185
	-0,80154
	-0,80338
	-0,80078
	-0,80246
	0,00084
	

	-0,8017
	-0,7991
	-0,80368
	-0,80124
	-0,8004
	-0,80246
	0,00103
	

	-0,80154
	-0,7895
	-0,80322
	-0,80093
	-0,79552
	-0,802075
	0,003278
	

	-0,79971
	-0,802
	-0,80109
	-0,80292
	-0,800855
	-0,802005
	0,000575
	

	-0,80154
	-0,79834
	-0,80032
	-0,80292
	-0,79994
	-0,80162
	0,00084
	

	-0,79834
	-0,80139
	-0,80231
	-0,80048
	-0,799865
	-0,801395
	0,000765
	

	-0,79834
	-0,80078
	-0,80215
	-0,80017
	-0,79956
	-0,80116
	0,0008
	

	
	
	
	
	
	
	0,000926
	Average FFM


Fig. 6 Calculations of friction force difference in two environments: first table – poor toluene, second table – toluene+hq4.
Example of calculations:
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Fig. 7 Toluene lateral trace results. First row in the tables (Fig. 6)


LTmax = -0,67139 V, LTmin = -0,67429 V, LTav = -0,67284 V
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Fig. 8 Toluene lateral retrace results. First row in the tables (Fig. 6)


LRmax = -0,67383 V, LRmin = -0,67627 V, LRav = -0,67505 V

Source of the data: C:\czarek\afm\fluid cell\nanotrib\toluene\Image0317

FFV = |LTav – LRav|:2 [V] 

FFV = 0,001105 V = 1,105 mV

Taking into account the obtained results of average friction force in both 

solutions (Fig. 6): toluene and toluene + hq 4, the significant drop of friction can be recognized after introducing hq 4 solution.

Average FFV in toluene = 1,387 mV ± 0,2 mV
Average FFV in toluene+hq4 = 0,926 mV ± 0,2 mV 
B) Water, water + hq 6

	water lateral trace
	water lateral trace
	water lateral retrace
	water lateral retrace
	Average lateral trace
	Average lateral retrace
	FFV
	

	-1,6502
	-1,6562
	-1,6652
	-1,6588
	-1,6532
	-1,662
	0,0044
	

	-1,657
	-1,6463
	-1,669
	-1,6577
	-1,65165
	-1,66335
	0,00585
	

	-1,6501
	-1,6586
	-1,6592
	-1,6669
	-1,65435
	-1,66305
	0,00435
	

	-1,6589
	-1,6516
	-1,662
	-1,6681
	-1,65525
	-1,66505
	0,0049
	

	-1,6611
	-1,653
	-1,6628
	-1,6711
	-1,65705
	-1,66695
	0,00495
	

	-1,6565
	-1,6618
	-1,6682
	-1,6612
	-1,65915
	-1,6647
	0,002775
	

	-1,6614
	-1,6541
	-1,6632
	-1,6707
	-1,65775
	-1,66695
	0,0046
	

	-1,6621
	-1,6547
	-1,6655
	-1,671
	-1,6584
	-1,66825
	0,004925
	

	-1,665
	-1,6589
	-1,6725
	-1,6661
	-1,66195
	-1,6693
	0,003675
	

	-1,6585
	-1,6653
	-1,6743
	-1,6673
	-1,6619
	-1,6708
	0,00445
	

	-1,6679
	-1,662
	-1,6743
	-1,6692
	-1,66495
	-1,67175
	0,0034
	

	-1,6653
	-1,6698
	-1,6713
	-1,6777
	-1,66755
	-1,6745
	0,003475
	

	-1,6708
	-1,6649
	-1,6727
	-1,6791
	-1,66785
	-1,6759
	0,004025
	

	-1,6666
	-1,6725
	-1,6806
	-1,6747
	-1,66955
	-1,67765
	0,00405
	

	-1,6757
	-1,6699
	-1,6776
	-1,6846
	-1,6728
	-1,6811
	0,00415
	

	
	
	
	
	
	
	0,004265
	Average FFM


	hq6+water lateral trace
	hq6+water lateral trace
	hq6+water lateral retrace
	hq6+water lateral retrace
	Average lateral trace
	Average lateral retrace
	FFV
	

	-1,5887
	-1,5939
	-1,5947
	-1,5987
	-1,5913
	-1,5967
	0,0027
	

	-1,59
	-1,5941
	-1,5981
	-1,5942
	-1,59205
	-1,59615
	0,00205
	

	-1,5936
	-1,5874
	-1,5984
	-1,5945
	-1,5905
	-1,59645
	0,002975
	

	-1,5936
	-1,5886
	-1,5985
	-1,593
	-1,5911
	-1,59575
	0,002325
	

	-1,5881
	-1,5932
	-1,5976
	-1,5936
	-1,59065
	-1,5956
	0,002475
	

	-1,5932
	-1,5874
	-1,5941
	-1,5994
	-1,5903
	-1,59675
	0,003225
	

	-1,5941
	-1,5891
	-1,5939
	-1,5991
	-1,5916
	-1,5965
	0,00245
	

	-1,5878
	-1,5933
	-1,5976
	-1,5936
	-1,59055
	-1,5956
	0,002525
	

	-1,5941
	-1,5887
	-1,5982
	-1,5938
	-1,5914
	-1,596
	0,0023
	

	-1,5894
	-1,5942
	-1,5932
	-1,5979
	-1,5918
	-1,59555
	0,001875
	

	-1,595
	-1,5901
	-1,5991
	-1,5948
	-1,59255
	-1,59695
	0,0022
	

	-1,5903
	-1,5936
	-1,5953
	-1,5993
	-1,59195
	-1,5973
	0,002675
	

	-1,5945
	-1,5898
	-1,5936
	-1,5994
	-1,59215
	-1,5965
	0,002175
	

	-1,593
	-1,5894
	-1,5933
	-1,5974
	-1,5912
	-1,59535
	0,002075
	

	-1,5903
	-1,5942
	-1,5997
	-1,5944
	-1,59225
	-1,59705
	0,0024
	

	
	
	
	
	
	
	0,002428
	Average FFM


Fig. 9 Calculations of friction force difference in two environments: first table – poor water, second table – water + hq6.

Taking into account the obtained results of average friction force in both 

solutions (Fig. 9): water and water+hq6, the significant drop of friction can be recognized after introducing hq 4 solution.

Average FFV in water = 4,265 mV ± 0,2 mV
Average FFV in water+hq6 = 2,428 mV ± 0,2 mV 
5. Conclusions & Outlook
The presented results are in good agreement with the measurements already performed in the micrometer scale by Dipl.-Ing.Ralph Kolm, AC2T Austrian Center of Competence for Tribology GmbH. Additional measurements should be carried out to confirm the presented results and increase the accuracy of Friction Force Values. 

Most of the time of the project was spent on developing the most accurate and repeatable measurement technique, that is why the following solutions should be tested:

· ‘Hq 2,5,6,8 - Toluene’

· ‘Hq 2,4,5,8 - Water’

Taking into account the obtained results (significant drop of friction after introducing hq solutions) and the fact that the background (new membranes, measurement technique etc.) has been prepared successfully the research in this field should be continued.

6. Fluid cell – additional method of demounting
The only problem while using the fluid cell is its demounting without destroying the AFM tip. During the experiments the new demounting method has been developed, that is much more effective than the previous one.

One has to follow the following procedure:

· take out the solution with the syringe from the fluid cell and let it fill with air,
· extend the AFM legs to their maximum. The membrane elongates and form a ‘balloon’(Fig. 10),
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Fig. 10 AFM legs extended to their maximum. Membrane forms a ‘balloon’.
· put your fingers on both sides of the fluid cell, so that the lower part does not crash the tip, lift the AFM head and put it on the table (Fig. 11).

[image: image8.jpg]


 
Fig. 11 The lower part of fluid cell is far away 

from the tip. The system is stable.

· now by smooth movements up of the lower part of the fluid cell we release the air and put the locks back on their places.

7. Additonal remarks

· for the toluene measurements the additional air conditioning or air absorber should be applied in the AFM room as the present air conditioning is not enough.

· the syringes are not leak-tight, for the measurements performed they are enough.

· Fluid cell is leak-tight.


Encountered problem - leakage around the prism in cantilever holder


Solution - cleaning of the prism, changing the gasket.

· New black membranes are toluene resistant.

· The prism at the chipped cantilever holder has been exchanged, cantilever holder works correctly.

During the measurements I came across the following errors:

· stripes on the images - due to power supply disturbance (solved).
· high frequency sounds – possible reason XY piezo.
Source of the data:

C:\czarek\afm\fluid cell\nanotrib\toluene\Image0317

C:\czarek\afm\fluid cell\nanotrib\toluene\hq 4\Image0333

C:\czarek\afm\fluid cell\nanotrib\water\in situ-water+hq6\90\Image0001

C:\czarek\afm\fluid cell\nanotrib\water\in situ-water+hq6\90\Image0019

C:\czarek\afm\fluid cell\nanotrib
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