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. 1-3 
Recent studies in the Alaskan Arctic show the presence of substantial 

concentrations of carbon- and sulfur-containing particles that seem to be 

4-6 characteristic of the Arctic region as a whole. These particles are effec-

tive scatterers and absorbers of visible radiation3 ,7 and appear to be respon­

sible for the phenomenon of Arctic haze first reported by Mitchell. 8 On the 

basis of trace element analyses, it has been suggested that these particles 

originate from anthropogenic sources at mid-latitudes. l ,4 Direct substantia-

tion of combustion-generated particles in the Arctic atmosphere has been 

provided by the identification of large concentrations of graphitic carbon 

3 particles at the GMCC-NOAA observatory near Barrow, Alaska. The concentra-

tions of these particles during winter and spring is only about a factor of 

4 less than typical urban concentrations in the United States. 3 These gra-

phitic particles, which can only be produced from high-temperature combustion 

processes, have been identified on a molecular level using Raman spectroscopy. 

If one excludes natural burning processes that are not expected to be a sig-

nificant source term during winter and spring when the Arctic haze is at a 

maximum, then one can attribute these graphitic particles directly to anthro-

pogenic activities. These particles, which have large absorption cross 

*This work was supported by the Director, Office of Energy Research, CO 2 
Research Division of the U.S. Department of Energy under contract DE-AC03-
76SF00098 and by the National Oceanic and Atmospheric Administration under 
contract NA8lRAG00254, Mod. 1. 
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sections (~ 10 m2jg) in the solar spectral region, can lead to significant 

heating effects over the high surface albedo polar icecap.9-ll The magnitude 

of these effects largely depends on the vertical and horizontal distributions 

of the graphitic particles as well as their concentrations as a function of 

. 10 11 t1me of year.' In this letter, we report on an extension of our studies 

of carbon particles in the Alaskan Arctic to the Canadian Arctic and the 

Norwegian Arctic. These studies, using the Raman scattering technique, 

identify substantial concentrations of graphitic carbon particles at ground-

level stations throughout the western Arctic. 

The Raman spectroscopy apparatus uses a Coherent Radiation argon ion 

laser producing 1 W of power at 514 nm. The laser beam is focused by a 75-mm 

focal length cylindrical lens to a spot 0.06 mm x 2 mm on the sample surface 

via a small mirror, and the backscattered radiation is collected and imaged 

by an f/l lens onto the slit of a l-m Jarrell Ashe double monochromator 

equipped with two 1180-grooves/mm gratings blazed at 5000 A. The output of 

the spectrometer is detected by an FW130 photomultiplier cooled to -20°C and 

used in a photon-counting mode. The pulses, after appropriate shaping, are 

counted and displayed on a multichannel analyzer. A computer-controlled 

grating drive made by RKB, Inc., allows a given spectral region to be scanned 

many times and added to the memory of the multichannel analyzer, greatly 

improving the SNR. In order to minimize heating effects, the highly absorbing 

samples used in these experiments are rotated at 1800 rpm by a motor, which 

increases the area illuminated by the laser beam by a large factor with 

almost no loss in signal level. The focal spot bf the laser is located approxi-

mately 5 mm below the axis of rotation so that the effective illuminated 

area is an annulus of 5-mm radius and 2-mm width, resulting in the low power 

density of ~ 1 W/cm2 . 
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The Raman spectra are obtained directly from aerosol particles collected 

on various filter media without any pretreatment procedures. These spectra 

are observed on top of a large fluorescent background, which is due both to 

the filter media and the highly fluorescent material in the sample. Irradia-

I~ tion of the sample with the argon laser for 24 hr reduced this background by 

about an order of magnitude. The intensity of the Raman spectra were typi-

cally about 1% of the fluorescent background. Aerosol samples were obtained 

from six Arctic sites: Barrow in the Alaskan Arctic; Mould Bay, Ig1oo1ik, and 

Alert in the Canadian Arctic; and Bear Island and Spitzbergen in the Norwegian 

Arctic. The samples from the Alaskan Arctic were collected on prefired 

quartz-fiber filters (Pa11f1ex 2500 QAO) with a sampler installed at the 

NOAA-GMCC observatory in cooperation with B.A. Bodhaine of the GMCC program. 

The samples from the Canadian and Norwegian Arctic were collected on Whatman 

41 filters and were provided respectively by L.A. Barrie of the Canadian 

Atmospheric Environment Service and B. Ottar of the Norwegian Institute for 

Arctic Research. 

Raman scattering and infrared absorption spectroscopy are complementary 

techniques that measure the vibrational spectra of gases, liquids, and 

solids. Often vibrational modes that are infrared inactive are Raman active 

and vice versa. Graphitic structures in which trivalent carbon atoms occupy 

lattice sites in a two-dimensional hexagonal honeycomb network have intense 

Raman modes but very weak infrared vibrational spectra. These Raman modes, 

which were first observed by Tuinstra and Koenig,12 enable the identification 

of graphitic structures even in the presence of a complex mixture of substances. 

13 
Solvent extraction, heat treatment, optical absorption, and morphology studies 

can provide indirect evidence for a graphitic component; but Raman spectroscopy 

appears to be the only presently available method for making unambiguous 
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identifications on a molecular level. 

The Raman scattering technique has been applied to identify substantial 

. 14 15 concentrations of graphitic particles in combustion effluents, urban a~r, • 

and the Alaskan Arctic. 3 These results are shown in Fig. 1, where the spectrum 

of a sample collected in December 1979 at the NOAA-GMCC observatory in the " 

Alaskan Arctic is compared with spectra of urban particulates, various source i .,.~, 

emissions, carbon black, and polycrystalline graphite. All spectra show 

the presence of two intense Raman modes that have been attributed to phonons 

12 
propagating within graphitic planes. The Raman spectrum of a single crystal 

-1 of graphite consists of a single band near 1575 cm , which has been identi-

12 fied as an E2g vibration of the hexagonal layers. Polycrystalline graphite 

-1 shows another band at 1355 cm ,which is not fully understood but has been 

attributed to the breakdown of selection rules. 12 A small shift in the fre-

-1 
quency of the 1575 cm Raman mode has also been observed, which apparently 

depends on the degree of order in the aromatic structures.
16 

Such a shift 

is evident in comparing the spectra of po1ycrystalline graphite to the 

other spectra presented in Fig. 1. It is also evident from the figure that 

the frequency of the vibrational modes in carbon black and those in particles 

collected from various sources, urban air, and the Alaskan Arctic are coinci-

-1 dent to ± 10 cm , which is the estimated experimental error. This close 

correspondence has been used to show the presence of graphitic particles in 

urban air14 and in the Alaskan Arctic. 3 In Fig. 2 these measurements are 

extended to samples collected from three sites in the Canadian Arctic (Mould 

Bay, Igloolik, Alert) and two sites in the Norwegian Arctic (Spitzbergen, 

Bear Island). All samples were collected at similar times of the year; but 

due to sample availability, some samples are from 1980 and others from 1981. 

It is clear from the spectra that all sites show the presence of significant 
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concentr~tions of graphitic particles. There are some differences in the 

relative intensities and line shapes of the two Raman modes, but these could 

-1 
be due to systematic errors in fluorescence subtraction for the 1350 mode, 

which is located on a highly sloping background. If one assumes fixed optical 

constants (Raman cross sections, absorption cross sections), one can use the 

-1 
integrated intensity of the 1600 cm Raman mode as a measure of the relative 

concentrations of graphitic particles at these sites. These analyses indi-

cate that the concentrations at all these sites are quite comparable with the 

largest and smallest within about a factor of 3 of each other. The relative 

ordering of these concentrations for Spitzbergen, Bear Island, Barrow, Mould 

Bay, Alert, and Igloolik are: 2.1/1.7/0.8/0.8/0.7. It should be emphasized 

that this analysis is for a particular time interval, and the relative con-

tributions could vary considerably from one time period to the next. 

In summary, these results show that the large concentrations of graphitic 

particles found at the Barrow, Alaska, site are not a local phenomenon but 

are characteristic of ground-level stations across the western Arctic. If 

these highly absorbing particles occur at substantial concentrations through-

out the Arctic troposphere, then they may have a significant impact on the 

Arctic radiation balance and climate. 
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Figure Captions 

Figure 1. Raman spectra of particles collected in the Alaskan Arctic 

compared with spectra of urban particles, various source emissions, 

carbon black, and po1ycrysta11ine graphite. 

Figure 2. Raman spectra of particles collected in Alaskan Arctic (Barrow) ~\', 

compared with samples collected in the Canadian Arctic (Alert. Ig1oo1ik. ~I 

Mould Bay) and the Norwegian Arctic (Spitzbergen, Bear Island). 
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