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I. Parts List and Vendor Information for Home-Built CE System 
          Return to Menu
 
 Below is a list of the components used to fabricate the home-built CE system.  A 
potential vendor’s website and corresponding part number are provided for each component.  
While components may be acquired through other vendors (using part numbers other than the 
ones provide below), the system described here may be fabricated using the components 
available from the vendors listed below. 
 
Item:  Power Supply 
Possible Vendor: Spellman High Voltage Electronics Corp. 
 http://www.spellmanhv.com/index.asp
  
Possible Part Number: CZE1000R 
 
 
Item:  UV-visible Absorbance Detector  
Possible Vendor: Chrom Tech, Inc., http://www.chromtech.com/index.htm
Possible Part Number: D-500B (detector), 9550-0155 (flow cell)
 
Item:  Capillary 
Possible Vendor: Polymicro Technologies, LLC, http://www.polymicro.com/
Possible Part Number: TSP050375 (50 micron i.d.) 
 
Item:  Pressure valves and Fittings 
Possible Vendor: Swagelok, http://www.swagelok.com/
Possible Part Number: B-200-3, Union Tee – 1/8” 

 B-200-1-4, Male Connector – 1/8” to ¼” N-NPT (need 2) 
 B-200-7-4, Female Connector – 1/8” to ¼” P-NPT 
 B-41XS2, Valve – 1/8” 3-way valve 
 SS-QM2-S-200, Miniature Quick Connect System, 
 SS-QM2-B-200, Miniature Quick Connect Body 

 
Item:  Solenoid Valve 
Possible Vendor: Intek Systems, Inc., http://www.inteksystems.com/default.asp
Possible Part Number: 225B-111-CA, ¼” 120VAC/24VDC Conduit 
 
Item:  Platinum Wire  
Possible Vendor: Goodfellow Corporation, http://www.goodfellow.com/csp/active/gfHome.csp
Possible Part Number: PT005150, 1.0mm Wire 0.1m length  

This material is based upon work supported by the National Science Foundation under Grant No. 0307245. 
 

http://www.as.wvu.edu/%7Elholland/images/photos/distance_ce(large).jpg
http://www.spellmanhv.com/index.asp
http://www.chromtech.com/index.htm
http://www.polymicro.com/
http://www.swagelok.com/
http://www.inteksystems.com/default.asp
http://www.goodfellow.com/csp/active/gfHome.csp


 

Item:  Pressure Gauge 
Possible Vendor: Supelco, Inc. (Sigma Aldrich), 

http://www.sigmaaldrich.com/Brands/Supelco_Home.html
Possible Part Number: 20469, Pressure Gauge with Tee 0-30psig 
 
Item:  Tubing  
Possible Vendor: Sigma-Aldrich, http://www.sigmaaldrich.com
Possible Part Number: 20469, 20488, Copper Tubing 1/8”, 20532, Teflon tubing, 1/8” OD 
 
Item:  Ferrules 
Possible Vendor: Alltech Associates, Inc.,http://www.alltechweb.com/US/Home.asp
Possible Part Number: RF-100/.04-G, 1/16” to 0.4mm Graphite Ferrules, 10 pk 
 
Item:  Timer 
Possible Vendor: V Mouser Electronics, http://www.mouser.com/
Possible Part Number: 655-CNS-35-96, 11 PIN 24-240VAC-VDC C4015-1,  
 
Item:  Vials 
Possible Vendor: VWR International, http://www.vwrsp.com/
Possible Part Number: C4015-1, Waters Clear 4mL Vial 

 C4015-1W, White Open-Top Cap 
 C4015-10, White Virgin PTFE Septa 
 C4015-60, Teflon/Silicone Septa 

 
Item:  Lab Jack 
Possible Vendor: VWR International, http://www.vwrsp.com/
Possible Part Number: 60144-202, Micro Lab Jack 3x3” 
 
Item:  Syringe Filters 
Possible Vendor: VWR International, http://www.vwrsp.com/
Possible Part Number: 28143-924, Syringe Filter, 25mm 0.45um 
 
Item:  Data Card 
Possible Vendor: National Instruments, http://www.ni.com/
Possible Part Number: 776844-01, SCB68 

 777-231-01 PCI-M10-16XE-50 
 777293-01, SH68-68-EP Cable Pack 
 *Note: these items are specific for a laptop not a desktop 

 
Item:  Software 
Possible Vendor: Wavemetrics, http://www.wavemetrics.com/
Possible Part Number: Igor Pro 5 + NIDAQ tools 
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II. Fabrication of a Custom Built CE System 
 
0. Safety Precautions       Return to Menu
 
 Below are some general safety precautions for your consideration as you begin the 
fabrication process for the Home-built CE System and working in a research laboratory. 
 

• Consult the safety guidelines and Chemical Hygiene Plan provided by your Institution 
before beginning any experiment.  The safety guidelines of your home Institution 
supercede any recommendations outlined here.   

 
• Consult the MSDS and the label prior to using a chemical and adjust your laboratory 

procedures accordingly. 
 

• Personal protective equipment, such as goggles, safety glasses, laboratory coat or apron, 
gloves, or a respirator, should be used as appropriate for the hazards involved and as 
recommended on the label and in the MSDS. 

 
• Use chemical fume hoods as advised in the MSDS. 

 
• Store and handle all chemicals appropriately. 

 
• Do not consume anything in the laboratory.   

 
• Do not smoke, chew gum, or use smokeless tobacco in the laboratory. 

 
• Remove your gloves and thoroughly wash your hands before leaving the laboratory. 

 
• Practical advice regarding use of the high voltage power supply:   

 
There is potential for electrical shock from the high voltage power supply.  Typical currents employed 
in capillary electrophoresis are less than 100 microamps.  According to the OSHA tutorial cited below, 
AC currents of 1mA result in a tingling sensation. However, the degree of danger of such exposure 
depends upon: (1) if the skin is wet or dry, (2) if the shock may potentially throw the victim away from 
the electrical connection (for example into an acid bath behind the researcher), or (3) if the exposed 
person undergoes muscle contraction that does not allow them to let go of the electrical circuit.  See 
the following website for an OSHA tutorial of the risks of electrical shock.   

 
• We recommend the following precautions to prevent electrical shock or minimize the 

effects in the event of accidental exposure: 
 

(1) Implement the interlock safety switch outlined in the assembly protocol to facilitate “guarding by 
location”. 

 
(2) Turn on the voltage only after closing the interlock box with the integrated interlock switch.  Turn 

off the voltage before you intend to open the Plexiglas box with the integrated interlock switch.  In 
doing this, the circuit will never have the potential to be live when you open the Plexiglas box.  
Should you ever unsafely open the box with the power supply turned on, the interlock switch is 
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the back-up that will prevent electrical exposure.  If you press the interlock switch down with the 
lid to the Plexiglas open, you are no longer protected from accidental exposure to the high voltage.  
You may further ensure the safety of the systems by wiring an audible alarm to sound when the 
interlock switch is closed, completing the electrical circuit.  This will supplement the visual 
indicator created with implementation of the interlock switch (power on green button on the front 
of the high voltage power supply lights up when the circuit is live). 

 
(3) Check that the interlock switch is fully functional, using a voltmeter to measure resistance, every 

day prior to using the instrument. 
 
(4) Set the current limiting knob so that the power supply can provide a maximum current of 100 

microamperes.  Use the voltage limiting knob to adjust the applied voltage as necessary. 
 
(5) Be sure your skin is dry, when you are using the instrument.  If you, or the device, are sweating, 

do not operate the instrument. 
 
 
1. Assembly of Plexiglas Interlock Box     Return to Menu
 
 The Plexiglas Interlock Box serves as a guard against electric shock.  The box is made 
using Plexiglas bonded with acetone and incorporates a Single Pole Double Throw (SPDT) 
switch which prevents current flow from the high voltage supply when the box lid is open (like 
when changing vials).  If the box lid is open, current will not flow even if the power supply is 
turned on and at its maximum setting. 
 

1. The Interlock box is a 21 cm cube made of 
Plexiglas with a thickness of approximately ¾ 
mm.  The sides are bonded with acetone. 

 
 
2. A hinge should be on the top of the box so that 

it can be opened to access the sample holder.  
See Figure 1. 

 
 
3. There should be 2 or 3 holes in each side of the 

Plexiglas box to accommodate the pressure     Plexiglass Interlock Box 
 tubing, electrodes, and capillary.          

 
 

4. A SPDT switch (Radioshack, #275-016 or #275-017) is attached to the upper front corner 
of the interlock box using hot glue.  The switch should be mounted such that it is closed 
when the interlock box is closed and open when the interlock box is open. 
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Single Pole-Double Throw (SPDT) Switch             Power Supply (Rear View) 
 
 
5. The switch is connected to the HV Power Supply using 2 lengths of 24-gauge wire.  One 

length connects the switch to post 9 of the pin rack on the back of the power supply.  The 
second length connects the switch to post 10 of the pin rack on the back of the power 
supply.  Once connected, current can only follow from the HV Power Supply when the 
SPDT switch is closed. 

 
 
6. The interlock box should be positioned between the power supply and the UV-vis 

absorbance detector.  
 
 
2. Assembly of Buffer Vial Holder      Return to Menu
  
 The buffer vial holder is designed to serve as a non-conductive base from which to 
suspend the anode buffer reservoir vial.  It allows the user to adjust the vial height, and is inside 
the Plexiglas interlock box.   

 
Materials:  

• 10x15x3 cm non-conductive block for 
base (We used the epoxy resin base from 
a ring stand)  

• 10x10x1 cm nonconductive block for top 
platform 

• non-conductive dowel  rod 
• non-conductive screw to lock the top 

platform 
 
                    Buffer Vial Holder (Inside Interlock Box) 
 
1. There should be holes in the base and holes in the top platform to accommodate the 

support rod.  In the top plate there should be a hole in the middle backside for the screw 
that locks the dowel rod in place, and one in the front right side for the vial. This hole 
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should be the same size as the vial lid.  (The sample vial will screw into this hole during 
data collection.). 

 
 
2. Connect the top and bottom platforms with the 

support rod.   
 
 
3. Insert the platform adjustment screw through 

the hole in the back of the top platform to hold 
the dowel in place.  Adjust the screw to change 
the height of the top platform. During data 
collection the sample vial and collection vial 
should be the same height. 

 
                  Buffer Vial Holder (Side View) 
 
4. Fix a 3 mL vial lid into the vial hole in the top of the platform with glue.                                    
 
5. Place septa in the vial hole in the top platform, and screw the sample vial into the vial 

holder. 
 
 
3. Power Supply Connections      Return to Menu
 
 The high voltage power supply connections consist of an anode and a grounding wire.  
The fabrication of the cathode, which is also connected to the ground post on the back of the 
power supply, is discussed in the Voltmeter Connection section of this document. 
 
 
1. The output cable from the power supply should be 

cut and stripped so that a platinum electrode wire 
may be soldered to the cable.  Once soldered, the 
connection should be shielded by using black 
electrical tape.   

  
 
2. This wire is connected from the “HV OUTPUT” 

connection of the power supply to the anode buffer 
vial inside of the Plexiglas interlock box.  The 
electrode should puncture the septa and be 
submerged into the running buffer (background          Anode Cable 

      electrolyte).   
 
 
3. The power supply MUST also be grounded. The ground wire may be fabricated from a 

length of 22-gauge electrical wire that is soldered to a plug at one end and stripped bare at the 
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other. The electrode should run from the grounding post on the back of the high voltage 
power supply to an earth ground connection (e.g. ground of 3-hole wall outlet).   

 

        
   Power Supply (Front View)             Power Supply Grounding Cable 
 

 
Power Supply Grounding Post 

 
 

4.  Connecting the UV-visible Absorbance Detector   Return to Menu
     to the National Instruments Breakout Box      
  
 These instructions are specific for the UV-visible absorbance detector and National 
Instruments breakout box in the parts lists.  If you are using different equipment, ignore the 
instructions in this section.  Follow the manufacturer’s instructions specific to the instrument you 
are using. 
 
 
1. Cut and strip the ends of two 18” lenghts of 24 gauge electrical wire (red and black). Bend 

the exposed wire tip of the red wire into a loop and hook it around + terminal post.  Tighten 
the screw while making sure the wire loop remains between the instrument panel and screw 
head.  Repeat for the black wire, looping the wire tip and the – terminal post.   

 
 
2. Open the breakout box.  Loosen the screws holding the top plate of the retaining bracket 

located at the mouth of the box.   
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       Detector (Back View)                            Detector (Back View Close-up) 
 

                      
  
   
 
 
 
 
 
 
 

 
                          Breakout Box                      Breakout Box (Closeup) 
 
3. Pass the red and black electrical wires between the top and bottom plates of the retaining 

bracket. 
 
 
4. Loosen the screws for positions 65 and 31 in the upper left corner of the breakout box.  Insert 

the exposed tip of the red wire into position 65 and the black wire into position 31.  Retighten 
the screws, securing the wires into the terminals. 

 
 
5. Tighten the screws on the retaining bracket so that 

the red and black electrical wires are held firmly in 
place.  Close the breakout box and position on top 
of the UV-visible detector.   

 
 
 
 
 
 
 
                       Breakout Box and Detector
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5. Integrating the Detector      Return to Menu
 
 Note that these instructions are for the UV-vis Absorbance detector recommended in the 
parts list (Chrom Tech, Inc., Detector #D-500B, Flow Cell #9550-0155).  Please consult the 
instrument manuals specific to the equipment you are using if using a different detector.
 
 
1. Unscrew the plate that covers the detection window.  

If necessary, lightly clean the detection window 
using lens paper. Be GENTLE, YOU DO NOT 
WANT TO SCRATCH THIS WINDOW.  

 
 
2. Unscrew the top and bottom nuts that hold the 

vespel ferrules in place. 
 
  
3. Insert the capillary through the detection window.

                 Flow Cell Mounted on Detector 
 

4. Thread the ferrules down the top and up the bottom 
of the capillary. 

 
 
5. Replace and tighten the screws.  Make sure the 

window of the capillary is centered in the detection 
window.   

 
 
6. After screws are tightened, firmly pull up on the 

capillary to make sure it has not moved and it is  
      secure.  Place the cell back on the detector.   

 
 
7. The bottom of the capillary (extending from the 

bottom of the detector) should be submerged into 
the cathodic vial.  Puncture the septa several times 
with tweezers before inserting the capillary. This 
will ensure that the capillary will not be plugged 
and that siphoning does not occur.  

 
 
 
 Above: Flow Cell (Half-Assembled).  
 Right: Flow Cell (Front View) 
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8. The other end of the capillary should be inserted through the hole of the plexi-glass box, 
through the septa and submerged into the anodic reservoir.   

 
 
9. Use a lab jack under the collection vial to adjust the height of the vial so that the sample vial 

and collection vials are the same height.  Be sure both ends are immersed at an equal depth in 
the reservoir vials.   

 
 
6. Voltmeter Connection       Return to Menu
 
 This section describes the fabrication of the cathode cable and integration of the cable 
into the custom-built CE system.  We recommend that you look at the referenced pictures prior 
to performing any fabrication in order to avoid wasting materials. 
 
 
1. Using wire cutters, cut a length (~36 inches) of 22-

gauge electrical wire into two equal pieces.  Strip 
approximately ½” of the sheath from all four ends.  
Solder a 1kΩ resistor to the two cables, connecting 
them.  Solder a platinum electrode to one of the 
ends of the cable.   

 
 
2. The ground cable should be connected to the 

ground on the power supply, which in turn is 
connected to the earth ground.   

                Cathode Cable 
 
3. The platinum electrode is inserted into the cathode reservoir vial. 
 
 
4. Integrate the voltmeter by using alligator clips to detect the voltage (or current) across the 

resistor.   
 
 
 
 
 
 
 
 
 

 Power Supply Grounding Post     Cathode Cable (Integrated) 
 

This material is based upon work supported by the National Science Foundation under Grant No. 0307245. 
 



 

7. Pressure Assembly       Return to Menu
 
See the Custom Built CE Schematic for a diagram. 
 
 This section describes the assembly of the pressure injection system (See Custom-built 
CE Schematic) used to introduce sample plugs into the bare-fused silica capillary.  It is important 
to note that copper and Teflon tubing should be installed and used according to the 
manufacturer’s specifications and recommendations. 
 
1. A tank of compressed helium should be strapped 

safely to the cabinet.  A pressure regulator should 
already be connected to the gas tank.   

 
 
2. Copper tubing should connect the pressure regulator 

to the pressure valve using a quick connector. 
 
 
3. The pressure valve is then connected to a 1/8” 

union T.  
 
 
4. The union T is then connected to the 3-way valve 

by copper tubing. The 3-way valve controls the 
flow of pressure to the sample vial (“ON/OFF” 
switch).   

 
 
5. The 3-way valve is then connected to the solenoid 

valve by copper tubing.   
 
 
6. The black and red wires from the Solenoid valve 

connect to an electronic timer.  
 
 
7. The solenoid valve is then connected back to the 

union T by copper tubing. 
 
 
8. The 3-way valve also connects to the plastic 

pressure tubing. The pressure tubing should go 
through a hole in the plexi-glass box and pierce the 
septa and be placed right above the sample. The plastic tubing SHOULD NOT be submerged 
in the sample. 

 
Top:  Pressure Regulator.  Middle: Three-Way Valve. Bottom: Pressure Assembly
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