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Atomic Perspectives

T he role of the interface region in inductively cou-
pled plasma–mass spectrometry, which is shown 
circled in Figure 1, is to transport the ions effi-

ciently, consistently, and with electrical integrity from 
the plasma, which is at atmospheric pressure (760 torr), 
to the mass spectrometer analyzer region at approxi-
mately 10−6 torr (1,2). 

This is f irst achieved by directing the ions into the 
interface region. The interface consists of two or three 
metal lic cones (depending on the design) with very 
small orif ices, which are maintained at a vacuum of 
~1–2 torr with a mechanical roughing pump. After 
the ions are generated in the plasma, they pass into 
the first cone, known as the sampler cone. From there, 
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of the ions from the plasma into the mass spectrometer. This article therefore focuses on how best to 
maintain the interface region and in particular, understanding when the sampler and skimmer cones 
need to be cleaned or changed to optimize performance and maximize instrument uptime.
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they travel a short distance to the 
skimmer cone ,  which is genera l ly 
smaller and more pointed than the 
sampler cone, and typical ly has a 
much smaller orif ice. In some de-
signs, there is a third cone called the 
hyper skimmer cone, which is used 
to reduce the vacuum in smal ler 
steps and provide less dispersion of 
the ion beam. Whether the system 
uses two cones or three, the cones 
are usually made of nickel (Ni) or 
copper (Cu), but can be made of 
other materia ls such as plat inum 
(Pt), which is far more tolerant to 
corrosive liquids. To reduce the ef-
fects of high-temperature plasma on 
the cones, the interface housing is 
water cooled and made from a mate-
rial that dissipates heat easily, such 
as Cu or aluminum. The ions then 
emerge f rom t he sk immer cone, 
where they are directed through the 

ion optics and, finally, guided into 
the mass separation device. A more 
detailed view of the interface region 
is shown in Figure 2.

The Importance of Routine 
Maintenance of the Interface Cones
All sample and skimmer cones, re-
gardless of ICP-MS manufacturer 
or design, serve the same function. 
They are the differential apertures 
separating the sample at atmosphere 
from the mass filter and detector(s) 
at high vacuum. Though the fun-
damental dimensions are all essen-
tial ly the same (sample cone with 
shallow angle, skimmer cone with 
acute angle), each manufacturer has 
designed the cone’s critical dimen-
sions to their own unique specif i-
cations, based on the design of the 
mass spectrometer (including, but 
not l imited to, or i f ice d iameter, 

hole depth, and material composi-
tion). The actual cone design may 
vary significantly from one instru-
ment manufacturer to another. The 
analy tica l zone, the area most in 
need of maintenance, displays the 
most significant differences. These 
dif ferences, together with sample 
type (for example, ground water, 
soil digests, or sea water) contribute 
to the rate at which oxides and salts 
accumulate in and around the cone 
orifice. They also affect the rate of 
cone degradation, and inf luence the 
cleaning methodology. Ultimately, 
the quality of the data is the best 
d iagnost ic tool for determining 
when to clean or change the cones. 
However, if significant buildup on 
the cone is observed and appears to 
be occluding the cone orifice, cone 
removal and cleaning is warranted. 
All instrument manufacturers pre-

Figure 5: Skimmer cone with a simple salt 
build up.

Figure 4: Damaged skimmer cone from 
attempting to clean with metal wire.

Figure 3: Skimmer cone with oxide buildup.
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Figure 1: The interface region (circled in yellow) of an ICP-MS instrument.
Figure 2: A more detailed view of the interface 
region for ICP-MS.
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scribe a daily routine to evaluate the 
status of the system prior to an analyti-
cal run. These fast and easy tests can 
also be used to qualitatively evaluate 
cone condition. Let’s take a closer look 
at how to recognize when the cones are 
beginning to negatively impact instru-
ment performance (3).

Clogging/Blocking: As oxides and 
salts build up around and within a 
cone orifice, they will change the gas 

f low dynamics and perhaps electrical 
characteristics of the cone interface. 
Symptoms may include reduced sensi-
tivity and a degradation of signal sta-
bility. In severe cases, there may even 
be a change in signal response across 
the mass range due to pressure changes 
(higher vacuum) between the sample 
and skimmer cone.

Contamination: Like other com-
ponents of the sample introduction 

system, sample cones are prone to 
certain memory effects, especially 
from elements like lithium, boron, 
and magnesium. This is particularly 
true when attempting trace analysis 
of elements that were previously in 
solution at high concentration. These 
effects may inhibit quality analysis 
well before visual buildup occurs 
around the analytical zone of the 
cones. In many, if not most, cases, 
memory effects are due to the sample 

Figure 6: Soaking the tip of a cone in the cone 
fixture. Arrow shows that only the tip of the 
cone is in contact with the cleaning solution.

Figure 9: Showing the use of the tip of a cotton 
swab to clean residue from the inside edge of 
a cone orifice.

Figure 12: This platinum cone is ready for 
reclamation.

Figure 7: Cones can be cleaned in the 
fixture with a cleaning solution of choice and 
sonicated if desired.

Figure 10: Diamond paste can also be used 
with a foam-tipped cleaning stick to clean the 
inside of a cone.

Figure 13: A damaged platinum cone.

Figure 8: Fine alumina powder being used to 
manually polish a cone tip. 

Figure 11: A platinum cone that can be 
refurbished.

Figure 14: The damaged cone from Figure 13 
after being professionally refurbished.
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introduction system (tubing, spray 
chamber, torch); therefore, thorough 
evaluation of all potential sources of 
memory effects should be carried out.

Cone Degradation: Whether from 
extensive use, improper use, aggres-
sive matrices, or blunt force trauma, 
over time cones will degrade beyond 
acceptable limits. Careful handling 
and proper cleaning will typically 
enable about 500 h (several months) 
of operat iona l use from each set 
of Ni cones and about 1500 h (18 
months) from Pt cones. Some com-
mon symptoms of cone degradation 
are elevated oxide levels, doubly-
charged species, and in severe cases, 
poor vacuum levels.

Platinum versus Nickel: Pt-tipped 
cones offer greater lifetime than Ni 
cones, and usually require less day-
to-day maintenance.  Aggressive 
matrices (high in oxidizing condi-
tions) may require Pt-tipped cones. 
Unlike Ni cones, Pt-t ipped cones 
can be cost-effectively refurbished. 
In addition, refurbishing processes 
can more than double the normal 
lifetime of Pt-tipped cones. Pt usu-
al ly stays cleaner because it runs 
hotter, and has a t ighter grain in 
structure than Ni. The tip can usu-
ally be reshaped several times. After 
ex tensive use,  Pt (as wel l  as Ni) 
wil l suffer from high temperature 
embrit t lement , character ized by 
large grain crystals that will crack 
when the tip is being reformed. We 
strongly advise that users not try 
to mechanically alter the tip in any 
way, because the tolerances are tight 
and the shape is critical to good per-
formance. Such alteration can lead 
to the unnecessary, early retirement 
of a good cone, which in the case 
of Pt, could be extremely expensive.

Cone Cleaning Procedures
Whenever possible, users should  
clean cones under mild, non-me-
cha nica l  condit ions .  This is  es-
pecia l ly true for Pt cones, where 
accidenta l damage is very cost ly. 
However, with certain applications, 
a refractory buildup is inevitable, 

and will require mechanical clean-
ing. Fol lowing are t hree recom-
mended cleaning methods. Choose 
the one that best suits your needs. 

Note: An alternative to the more 
aggressive mechanical cleaning of Pt 
cones is to use a professional Pt cone 
refurbishing service, where the most se-
vere refractory buildup can be removed 
and damaged Pt cones can be reshaped 
to their original specifications (5).

Light Cleaning–Detergent Method
The light cleaning−detergent method 
is recommended for cleaning cones 
where there is no severe buildup, and 
what little buildup exists is easily re-
moved. It is primarily carried out to 
reduce elemental memory, and im-
prove detection limits. 

Note: It is worth emphasizing that 
today’s cones are available in many 
different materials, including pure 
Ni, Pt, Al, and Cu, as well as varying 
combinations of these metals in the 
cone base and tip.

Ni and Pt-tipped Ni Cones

•  Soak in 1:20 metal cleaner (such as 
Citranox) (4):H20 for 2 h (sonicate 
in an ultrasonic bath for last 15 
min, if available).

•  Rinse thoroughly with tap water.
•  Soak in deionized H2O for 10 min 

(sonicate).
•  Replace H2O, and repeat soak for 

10 min (sonicate).
•  Dry thoroughly using argon or ni-

trogen, if available.
Note: If using a bath sonicator 

(recom mended),  place  cones  i n 
meta l cleaner solut ion and soni-
cate for the final 15 min of the 2 h 
soaking period. Rinse thoroughly 
in tap water, then place in deion-
ized H2O, and sonicate for 10 min. 
Replace deionized H2O and repeat. 
Dry with clean, dust free cloth, let 
air dry, and then f inally blow dry 
with argon or nitrogen, or place in 
glassware oven (40−50 ºC). Always 
take care not to place cone tips in a 
precarious position where they can 
fall or tip. For most sample cones, 
this is not a signif icant problem, 
because the base is large relative to 
the height. Skimmer cones, however, 

are more prone to tipping over and 
deforming, since they tend to have 
thinner walls and sharper edges.

Ni-tipped Cu and 

Pt-tipped Cu Cones

Cleaning cones with a Cu base re-
quires a slightly modified technique 
so as not to unduly wear the Cu part of 
the cone, especially where it meets the 
Ni or Pt tip. Over time, metal cleaner 
will attack the Cu, and may degrade 
the weld between the two metals.
•  Inver t cone into a di lute meta l 

cleaner solution, so that only the 
tip of the cone is immersed.

•  Soak in 1:20 metal cleaner:H20 for 
2 h (sonicate for last 15 min).

•  Rinse thoroughly with tap water.
•  Rinse thoroughly with deionized 

H2O (sonicate for 15 min).
•  Replace H 2O, and repeat r inse 

(sonicate for 15 min).
Not e :  S o a k i n g  a nd  c l e a n i n g 

t imes may be modif ied, depend-
ing on need. The cone fixture, eas-
i ly assembled f rom a spare cone 
container, enables more aggressive 
cleaning of the analytical zone with-
out degrading the bimetallic weld. 
However, more exot ic and func-
tional fixtures would be advisable. 

Standard Cleaning–
Acid/Detergent Method
Mild accumulation of salts and ox-
ides may build up around the ana-
ly t ica l zone of your cones. Over 
time, this will affect the quality of 
your analyses. In this case, it is rec-
ommended that a slightly more ag-
gressive cleaning protocol be used.

Ni and Pt-tipped Ni Cones

•  Soak in 1:20 metal cleaner:H20 for 
2 h (sonicate for last 15 min).

•  Rinse thoroughly with tap water.
•  Invert cone into fixture containing 

2% HNO3, for 10 min.
•  Wipe off residue with cotton swab, 

then rinse in tap water
•  Return to cone fixture for 10 min.
•  Rinse thoroughly with tap water.
•  Rinse thoroughly with deionized 

H2O (sonicate for 15 min).
•  Replace H2O, and repeat soaking/

sonication.
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•  Dry with clean, dust free cloth, 
a nd t hen let  a i r  dr y,  blow dr y 
with argon or nitrogen, or place 
in glassware oven (40−50 ºC).

Ni-tipped Cu and 

Pt-tipped Cu Cones

Clea n i ng cones  w it h a  Cu ba se 
requires a slight ly modif ied tech-
nique, so as not to undu ly wear 
the Cu part of the cone, especially 
where it  meets t he Ni or Pt t ip. 
Over t ime, meta l cleaner and ni-
tr ic acid wi l l  at tack the Cu, and 
may degrade the weld between the 
two metals.
•  Invert cone into f ixture contain-

ing metal cleaner:H20 mixture.
•  Soak in 1:20 metal cleaner:H20 for 

2 h (sonicate for last 15 min).
•  Rinse thoroughly with tap water.
•  Invert cone into f ixture contain-

ing 2% HNO3 for 10 min.
•  Wipe  of f  re s idue  w it h  cot ton 

swab, then rinse in tap water.
•  Return to cone fixture for 10 min.
 •  Rinse thoroughly with tap water.
•  Rinse thoroughly with deionized 

H2O (sonicate for 15 min).
•  Replace H2O, and repeat soaking/

sonication.
•  Dry with clean, dust free cloth, 

a nd t hen let  a i r  dr y,  blow dr y 
with argon or nitrogen, or place 
in glassware oven (40−50 ºC)
Note: If necessary, you may apply 

5% HNO3 solution directly onto the 
Pt tip. It is recommended, however, 
that applicat ion be accomplished 
w it h a n acid-soa ked swab.  This 
should be done with great care to 
ensure the Ni or Cu base is not in 
contact with acid, because it could 
become degraded. 

Aggressive Cleaning– 
Mechanical Method
For all cones:
•  Soak in 1:20 metal cleaner:H20 for 

1 h (sonicate for last 15 min).
•  Rinse thoroughly with tap water.
•  Mix alumina powder with water to 

make a loose paste. 
•  Using a felt pad, apply paste to top 

side of cone, and clean with care.
•  It is easier to clean the back side 

with a cotton swab.

•  Rinse thoroughly with tap water.
•  Soak in deionized H2O (sonicate 

for 15 min).
•  Replace H2O, and repeat soaking/

sonication.
•  Dry with clean, dust f ree cloth 

and t hen let  a i r dr y,  blow dr y 
with argon or nitrogen, or place in 
glassware oven (40−50 ºC).
Note: R insing thoroughly in a 

bath sonicator is advisable. This will 
ensure the removal of al l residues 
accumulated during the mechanical 
cleaning process. You may choose to 
skip the metal cleaner step; however, 
this step will make the cleaning pro-
cess easier, and so use of the cone 
fixture is optional. Diamond paste 
and special cleaning sticks are also 
available for enhanced polishing of 
the sample and skimmer orifice.

Some Real-World Examples
Typical Skimmer Cone with 

Oxide Buildup (Figure 3)

The recommendation for this type 
of scenario is to soak the cone in 
metal cleaner for a few hours, then 
sonicate for 15 min. If this does not 
remove all residues, follow the Ag-
gressive Cleaning protocol. If metal 
cleaner and sonication sufficiently 
clean the cone, rinse thoroughly in 
tap water, and then deionized H2O. 
Dry according to previous instruc-
tions.

Delicate Skimmer Cone Damaged 

in an Attempt to Clear Orifice with 

Metal Wire (Figure 4)

This cone is now functionally unus-
able. Many skimmer cones have very 
thin walls with sharp edges. Any at-
tempt to force a probe (metal, wood, 
or plastic) through this delicate ori-
fice may alter the cone dimensions 
outside of the manufacturer’s speci-
fications.

Skimmer Cone with a Simple Salt 

Buildup (Figure 5)

Sonicat ing in deionized H 2O or 
dilute HNO3 (<1%), af ter soaking 
in metal cleaner, can usually clean 
these cones effectively. Dry accord-
ing to previous instructions.

Cleaning Cones Using Acid-
Detergent Cleaning Method
Using the cone fixture, it is possible 
to eff iciently clean the cone’s ana-
lytical zone without degrading the 
rest of the cone unnecessarily. This 
is particularly useful for Pt-tipped 
cones and cones with exposed Cu 
bases. The cone’s tip is inverted into 
fixture, as shown in Figure 6. How-
ever, more exotic and functional fix-
tures would be advisable.

The f ix ture can then be f i l led 
with metal cleaner, nitric acid, or a 
cleaning solution of choice, and ei-
ther soaked or sonicated as desired 
(Figure 7). Using this method, HNO3 
concentrations as high as 10% can 
be used to clean Pt cone tips without 
damaging the Ni or Cu base. When 
cleaning Ni cones, it is advisable to 
limit the nitric concentration to 2%.

Note: Nickel or Pt-tipped Ni cones 
can be soaked or sonicated directly 
in a metal cleaner solution. Although 
this is considered perfectly accept-
able, it is strongly suggested to not 
place Cu-based cones (Pt-tipped Cu, 
Ni-tipped Cu) direct ly into metal 
cleaner or acid, as this will shorten 
the cone’s lifetime.

Mechanical Cleaning Method– 
Sampler Cone
It is a lways recommended to pre-
soak cones in metal cleaner before 
manually cleaning them (see section 
on aggressive cleaning). After creat-
ing a light paste with fine alumina 
powder, polish the cone tip using a 
felt pad or a synthetic, lint-free cloth, 
as demonstrated in Figure 8. Though 
the felt pad is gentle, do not apply ex-
cessive pressure directly on the tip of 
the cone. The objective is to remove 
buildup without changing the geom-
etry of the cone tip.

A cotton swab is also very effec-
tive at cleaning the inside (concave 
side) of the cone. By using the same 
alumina paste, it is possible to clean 
close to the orif ice. By creating a 
point at the tip of the cotton swab 
the residue can be cleaned from the 
inside edge of the orifice (Figure 9).

For optimal cleaning of the cone 
orifice, diamond paste can also be 
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used with a foam-tipped cleaning 
stick (Figure 10). These sticks sim-
plify the effective cleaning of the 
most important region of the cone’s 
analytical zone.

Mechanical Cleaning Method– 
Skimmer Cone
The same cleaning procedures can be 
applied to clean the skimmer cone 
using fine alumina powder, with a 
felt pad or cotton cloth for the out-
side of the cone and a cotton swab 
for the inside. However, do not apply 
excessive pressure directly on the tip 
of the cone, because certain skimmer 
cones are particularly prone to dam-
age due to their thin walls and sharp 
edges. In addition, for optimal clean-
ing of the skimmer cone orifice, dia-
mond paste and a foam-tipped clean-
ing stick is highly recommended. As 
a reminder, do not use aggressive or 
mechanical cleaning techniques, un-
less absolutely necessary.

Platinum Cone Refurbishing
Users of  our Pt cones may ta ke 
advantage of a professional refur-
bishing and recla iming program 
(5). W het her cones have ba ked-
on ref rac tor ies ,  were accident ly 
dropped, or slightly degraded from 
use, they can often be repaired to 
the original manufacturer’s specifi-
cation. Depending on their design, 
this process can be repeated once, 
or several t imes, signif icantly ex-
tending the l i fet ime of the cone. 
If a cone is not recoverable, the Pt 
can be reclaimed. Specific examples 
are shown in the f igures, such as
a Pt cone damaged from mishan-
dling (Figure 11). Because the metal 
in this case is in good condition, 
neither annea led nor chemica l ly 
degraded, this cone can easi ly be 
refurbished.

A Pt cone chemically degraded be-
yond repair is shown in Figure 12. In 
this example, the cone has been made 
brittle and porous. Unfortunately, it 
is not possible to refurbish this cone, 
but it is ready for Pt reclamation.

Figure 13 shows a damaged Pt 
cone, while Figure 14 shows the same 
cone professionally refurbished.

Final Thoughts
When carrying out elemental de-
terminations by ICP-MS, particu-
larly in samples with high levels of 
matrix components, it is extremely 
important that the instrumentation 
be kept in good working order to 
ma ximize performance and pro-
ductivity. For that reason, routine 
maintenance is absolutely essential 
in ICP-MS, especially of the sample 
introduction system and interface 
region, where the sampler and skim-
mer cone are essential components 
of t he instruments per formance 
capabilities. The art of cone clean-
ing has evolved over the 30 years 
that this author has been part of 
the ICP-MS community. There are 
no specif ic reference sources that 
can be cited for the information de-
scribed here, as most of this infor-
mation was gained anecdotally and 
through personal experimentation. 
Hopefully, the material presented in 
this article will help not only novice 
ICP-MS users, but also experienced 
users who may not have fully recog-
nized the importance of cone clean-
liness and maintenance.
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