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Response Letter (Manuscript: 53744_R1_061015)
Dear Editor,

Thank you very much for considering our paper for publication and giving us the opportunity to address the reviewers’ comments on our manuscript entitled “Free-form light actuators –fabrication and control of actuation in microscopic scale”. In the revised version of the manuscript we have carefully addressed all points of criticism and we are now confident that it is suitable for publication in JoVE.
In the following we include our respectful answers and explanations to the points raised by the Editors and Referees.
With Best Regards

Hao Zeng and Diederik Wiersma

Editorial comments:

-2.2 – Should be “plate” instead of “place”
Corrected it as plate.


-All figures should have a title and a brief description.
We have added the title and description for each figure, as marked in yellow.

3. Additional detail is required:
-1.7 – Fix how?
-2.7 – Increase the temperature of what? How is this achieved? How is LC phase defined?
We fixed the cells with normal glue. We increased the temperature of the cells by the temperature controller. A good homogeneous nematic LC phase can be defined as observation of image contrast inversion while rotating the sample every 45° with respect to the polarizer.
We have added all the information into the text.


-3.3 – If this is to be filmed, please provide stepwise detail. Relevant details appear in the results, and should be moved to the protocol. Alternatively, please provide a citation.
We added 5 more steps for the explanation of this process:
3.3) Use manual control of the micro-manipulation system (Figure 5) to put the glass tip at a position close to the LCE microstructures. 

3.4) Switch on the laser at low power (~20 mW), in order to increase the temperature of the LCE (due to light absorption), thus soften the structure.

3.5) Use glass tip to pick up one LCE microstructure, and hold it in the air. This process is needed to avoid the adhesion from glass surface.

3.6) Tune the laser to the high power (>100 mW), and observe the LCE structure deform.
3.7) Record the light induced deformation with the microscope camera. 

4. Discussion: Please discuss potential modifications/troubleshooting. 
We have already added some discussion about possible modification and troubleshooting in the Discussion section.

Reviewers' comments:

Reviewer #1: 
Manuscript Summary: 
The manuscript provides an accurate description of the fabrication of ordered liquid crystal networks for the purpose of miniaturized actuators. And although liquid crystal actuators are known for quite some time the paper gives a good overview of how to perform an experiment with these type of materials. The description of the micro-groove technique to control alignment is a nice addition to what is published by others.
In general the paper serves its objectives: it teaches how these micro-actuators can be fabricated.

Major Concerns:
I don't have major concerns.

Minor Concerns:
For readers with a chemical background somewhat more information on the materials might contribute to a better understanding. For instance is the azo dye copolymerizing and, if so, is it a monofunctional or difunctional monomer.Now reference is given to ref. 6. 
We added a better explanation about the azo dye role in the introduction:
Azo-dyes as photo responsive molecules are linked
 to the polymer network by co-polymerization process. Such molecules combine their strong light response ability (trans to cis isomerization) with the light induced heating of the system affording light controlled deformation.   

Reviewer #2: 
Manuscript Summary: 
This manuscript reports fabrication of photoresponsive micron-scaled LC elastomers by using a technique of Direct  Laser Writing. Several photo-mechanical actuation can be obtained by this method. The results are interesting, which deserves to publication in this journal. My only suggestions is about the ref. 
1) Please add the full title of the ref 5.
2) Please update the ref. 13. (Adv. Mater. 2015, 27, 3883-3887)
We have corrected the mentioned references.

Reviewer #3: 
Manuscript Summary: 
The authors report on a technique for preparing 3D light activate microstrucutres with controllable actuation properties by direct laser writing of both the LCE structures and micrograting patterns that can induce local LC alignment. The technique is attractive for realizing controllable actuation on micro-scale. I would like to recommend acceptance of the manuscript if the authors can address my questions and comments listed as below.

Major Concerns:
N/A

Minor Concerns:
1) Introduction: some related technologies should be introduced for providing a more complete background, e.g., microscale LC alignment demonstrated by femtosecond laser induced nanoripples. (See Chem. Phys. Lett. 498, 188-191, 2010)
We added this reference into the manuscript.

13.Liao Y., et al. Alignment of liquid crystal molecules in a micro-cell fabricated by femtosecond laser. Chem. Phys. Lett. 498, 188-191 DOI: 10.1016/j.cplett.2010.08.021 (2010).
2) In Fig. 4, several LCE nanostructures has been demonstrated. Do these structures affect the performance of the LCE actuators differently? 
Fig.4 shows the result of laser written LCE nanostructures within IP-L gratings. Benefit from the grating, LCE structures become more confined, with much higher resistance to the development in toluene. The goal is to show the resolution (~300 nm) of this technique, and the maintenance of LC alignment within the structure (POM image of Fig.4). However, light induced deformation is not observed in those structures, due to the strong surface adhesion and highly confinement within the gratings.
We added some more sentences in order to explain it in a better way:
However, light induced deformation could not be obtained in these nanostructures. This is because within the IP-L grating the nano-LCE elements have been highly confined and adhesion prevents any visible deformation.

3) What is the reason responsibe for the light-induced deformation of LCE structures? And the response time should be given.
4) In Fig. 7, a double bending LCE structure was presented. Some discussion on this structure should be included.

We added some more sentences to explain this process in a better way:
Under light excitation, the dyes inside the LCE absorb light energy and transfer it into the network. The LCE structures are heated up and then undergo phase transition (nematic to isotropic). Such phase transition is also helped by the trans to cis isomerization of the dye under the same light stimuli. Thus, the structures contract along the original LC alignment director and expand in the perpendicular direction7. Depending on different local alignments induced by the IP-L gratings, these structures deform along different directions
A modulated laser beam (using an optical chopper) can induce cyclical deformations. LCE can respond following the laser modulation frequency (>1k Hz). However, the deformation amplitude decreases with increasing frequency14.
Since „The surface with parallel alignment contract, while the one with perpendicular alignment expand under light illumination“ has already explained the bending mechanism, no more discussion about double bending LCE has been added into the manuscript.


5) The thickness of LCE structures can be increased if a long-work-distance objective is used. Does the thickness affect the alignment of LCE in the cell?
The alignment of LC monomer is defined by the IP-L grating orientation written on the inner surfaces of the cell. The later on written LCE structure will preserve the original designed LC alignment. The thickness and the geometry of LCE structure will not affect the alignment of LC monomers/LCE polymer.
Nothing has been modified.

6) Line 277, "b"—>"d"
Thanks for the careful review. Corrected in the text.
